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Preface 


The  absence  of  a  ma^zine,  devoted  to  explosives,  hampers  and  delays  the 
possibility  of  familiarization  of  specialists  with  the  results  of  research  in 
theoretical  problems  of  ignition,  detonation,  and  slow  disintegration.  In  a 
ceirtain  measure  this  difficulty  is  compensated  by  the  publication  of  collections 
of  articles  on  the  theory  of  explosives.  The  first  of  them  was  issued  by  Oborongiz 
in  1940,  the  second  —  ("Problems  of  the  Theory  of  Explosives")  —  by  the 
Publishing  House  of  the  Academy  of  Sciences  USSR  in  1947.  Five  subsequent  collec- 
tiais  under  the  name  "Physics  of  Explosion"  were  released  in  limited  circulation 
in  1952 — 55 J  they  contain  many  interesting  investigations,  carried  out  mainly  by 
the  Institute  of  Chemical  Physics  of  the  Academy  of  Sciences  USSR  and  from  1959 
are  widely  quoted  in  Soviet  scientific  literature  on  the  theory  of  explosives. 

This  collection  includes  articles  chiefly  on  three  divisions  of  the  theory  of 
explosives  —  sensitivity  to  mechanical  influences,  slow  thermal  disintegration, 
and  ignition  of  explosives. 

The  first  division  starts  with  an  article  by  the  founder  of  comtemporary  pre¬ 
sentations  about  the  mechanism  of  excitation  of  an  explosion  during  shock,  N.  A. 
Kholevo,  for  the  first  time  printed  in  "Physics  of  Explosion"  in  1955.  The  second 
article  is  the  report  of  the  well-known  English  investigator  F,  F.  Bouden,  done  by 
him  in  the  D.  I.  Mendeleyev  Moscow  Chemical  and  Technological  Institute  in  1959. 
Many  ingenious  experiments  by  F.  F.  Bouden  and  his  collaborators  showed  the  large, 
sometimes  decisive  role,  that  can  be  played  by  gas  bubbles  during  excitation  of  an 
explosion,  especially  in  the  case  of  liquid  explosives.  The  work  of  K.  K.  Andreyev 
and  Yu.  A.  Terebilina  on  the  appearance  of  an  explosion  during  shock  on  a  drop- 
hammer  are  the  continuation  and  development  of  presentations  and  investigations  by 
N.  A.  Kholevo.  The  last  (8^^)  article  of  the  division  is  a  survey  of  foreign 
works  in  this  field.  The  authors  of  these  works  come  to  conclusions  analogous  to 


thot«i  >ihich  for  the  first  tiaie  were  laade  by  N.  A.  Kholero. 

A  large  part  of  the  articles  of  the  diTislon  refers  to  the  investigation  of 
themal  disintegration  of  nitroglycerine  and  in  a  lesser  degree  to  disintegration 
of  other  nitre  esters  and  partly  nitrites.  In  spite  of  a  certain  cmesidedness  of 
the  used  (laanonetric)  methodology  in  these  works  they  succeeded  to  establish 
stages  of  decomposition  of  nitroglycerine  and  to  uncover  the  physicochoiical 

I  essence  of  the  main  stages,  and  also  the  influence  disintegration  of  different 

t 

I  admixtures,  in  the  first  place,  water  and  acids. 

i  Three  articles  of  the  division  (22,  23,  and  24)  are  devoted  to  thermal  dis¬ 

integration  of  nitrocompounds,  in  particular,  picric  and  styphnic  acids  and  their 

f 

1  salts.  Tliey  established  the  complicated  multistage  character  of  decomposition  of 
these  compounds;  the  corresponding  kinetic  characteristics  of  disintegration  and 

i 

peculiarities  of  ignition  of  indicated  acids  and  their  salts  are  not  observed. 
Proceeding  from  this,  the  authors  arrive  at  the  essential  conclustion  that  the 
processes  taking  place  in  the  condensed  phase  are  not  essential  in  the  ignition 
of  these  substances. 

The  investigations,  united  in  the  third  division,  refer  to  several,  but  very 
essential  sides  of  ignition.  As  in  the  work  by  B.  N.  Kondriko  (Article  29)  the 
paradoxical  stabilizing  influence  of  an  admixture  of  lead  azide  and  the  increase 
of  pressing  on  the  ignition  of  liquid  notro  esters  is  shown.  In  the  works  by 
A.  I.  Gol' binder  are  described  for  the  first  time  the  pheonooenon  of  fractional 
buming-out  during  ignition  of  multicomponent  volatile  mixtures,  established  by 
this  man  and  also  the  peculiarity  of  self -ignition  of  liquid  mixtures,  their 
burning,  and  the  transition  of  the  latter  into  an  e^qjlosion.  In  the  work  by  B.  N. 
Kmdrikov  (Article  35)  with  the  help  of  a  new  simple  method  the  intensity  of  the 
flash  of  explosives,  depending  upon  temperature,  weight  and  other  factors  was 
quantitatively  studied.  Several  interesting  regularities  are  established,  in 


J 


particular,  th«  dacreaae  of  intensity  of  flash  of  certain  substances  at  an 
increase  of  temperatiire  and  absence  of  this  phencotenon  for  initiating  explosives. 
In  the  works  by  K,  K.  Andreyev  and  V.  V.  Gorbunov  are  considered  the  essential 
factors  of  acceleration  of  burning  of  crystal  explosives  —  cracking  of  their 
particles  under  the  action  of  thermal  shock  and  penetration  of  burning  into  the 
depth  of  a  powder  explosive;  an  attempt  is  made  to  provide  a  generalized  diagram 
of  the  distiurbance  of  stability  of  burning  of  powder  explosives  and  to  establish 
the  main  conditions  leading  to  this  disturbance. 

The  works  by  I.  Ya,  Petrovskiy  and  L.  V.  Volkov,  K,  K.  Andreyev  and  V.  G, 
Khotin  are  devoted  to  the  technically  urgent  question  of  detonation  and  ignition 
of  protective  explosives. 

Finally,  in  the  articles  in  the  fourth  division,  various  phenomena  connected 
with  the  appearance  of  detonation,  and  certain  other  questions  are  brought  up. 

The  works  considered  in  Articles  3,  7,  8—24,  26—29,  33,  35—37,  and  40—42 
were  accomplished  by  the  D.  I.  Mendeleyev  Moscow  Chemical-Technological  Institute, 
the  remainder  -•  by  other  research  establishments. 

All  articles  included  in  the  collection  were  submitted  to  the  publishing 
house  before  1  Max*ch  1962. 

Scientific  editing  of  the  collection  was  done  by  Professor  K,  K,  Andreyev 
(Articles  19 — 21,  25,  32,  38,  39),  A.  F,  Belyayev  (Articles  26,  29—31,  34 — 36, 
40—43),  A.  I.  Gol'binder  (Articles  1—8,  11,  17,  22-24,  27,  28,  33,  37),  and 
A.  G,  Gorst  (Articles  9,  10,  12 — 16,  18). 
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Theory  of  Explosives,  Moscow  1963 
Pages  Cover~9 


I.  SEHSITIVITY  OF  EXPLOSIVES  TO  MECHANICAL  INFLUENCES 
N.  A.  Kholevo  /DeceasedJ 

1.  Conceminiif  the  fliwtioo  of  Excitation  of  Explotioa  during  Deforaation  of 

As  it  is  known,  during  deformation  of  a  charge  of  a  condensed  explosive 
chemical  transformation  can  appear,  which,  depending  upon  the  speed  of  process,  is 
called:  burning,  flash,  explosion  of  detonation;  in  the  future  we  will  consider 
such  a  transformation  under  the  general  name  "explosion". 

Probability  of  the  appearance  of  explosion  at  definite  conditions  of  de¬ 
formation  of  charge  is  a  criterion  of  the  sensitivity  of  the  given  e:q)losive  to 
mechanical  influence,  its  ability  to  be  exploded. 

Deformation  of  an  explosive  charge  may  occur  upon  inpact  of  a  load  falling  on 
it,  in  the  action  of  a  shock  wave  and  with  a  sharp  change  of  the  nsomentum  of  the 
charge,  for  example,  in  artillery  missiles  in  the  moment  of  firing  and  upon  en- 
co\inter  with  a  barrier. 

The  author  advanced  general  presentations  about  the  mechanism  of  excitation 
of  explosion  by  means  of  deformation  of  a  small  charge  with  drop-hammer  impact. 
These  presentations,  after  corresponding  definitions,  can  be  used  also  in  other 
cases  of  action  of  external  forces. 


'h’he  article  was  prepared  by  the  author  for  printing  in  195A  aiid  was  published 
in  1955  in  limited  circulation.  In  subsequent  papers,  the  author  proposed  to 
expound  considerations  about  the  mechanism  of  excitation  of  explosion  and  the  re¬ 
lative  sensitivity  of  an  explosive  at  drop-hammer  impact,  and  also  about  excitation 
of  explosion  in  other  conditions  of  deformation  of  an  explosive  charge. 


In  this  articl*  th«  rolt  of  strttMs  in  oxciUition  of  txplosion  in  easo  of 
doforaatlon  of  an  •xplctflT*  is  eonsldsrsd. 

Rols  of  Strsssss  in  ths  Excitation  of  Explosion 
in  s  Dsforasd  Explosirs  Charge 

General  Rsiiarks  on  Defoniation  of  a  Charge  with  Drop^hs—er  laoact 

The  MChaniea  of  the  phenoaMna,  occurring  during  deforaation  of  a  charge  is 
very  coaplex.  Dus  to  this,  the  author  is  limited  to  a  qualitative  interpretation  of 
the  essence  of  separate  phenoewna,  although  he  does  not  negate  the  expediency  of 
the  attempts  at  quantitative  calculations,  undertaken,  for  example,  in  our  time  by 
Tu.  B.  Khariton  * 

A  fundamental  diagram  of  deformation  of  a  charge  at  drop-hammer  impact  is 
presented  in  Pig.  1.  Under  the  action  of  a  falling  load,  possessing  kinetic  energy 
A,  the  upper  striker,  overcoadng  the  resistance  of  the  deformed  charge,  exerts 
pressure  on  the  eoqslosive.  The  first  period  of  Impact  is  characterised  by  an  in¬ 
crease  of  specific  pressure  on  the  explosive  to  a  certain  maximum  magnitude  P,  and 
the  second  period  —  its  decrease. 

In  Fig.  1  the  state  of  a  charge  at  the  beginning  and  end  of  the  first  period 
of  impact  is  shown.  Work  of  deformation  of  the  charge  in  this  period  is  ccmposed 
of  work  of  pressure  and  work  of  flow  of  the  explosive. 
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Fig.  1  Fundamental  diagram  of  defonwition  of  a  charge  at  drop-haamwr 

Impact.  1)  Explosive  charge;  2}  Strikers. 

For  a  qualitative  interpretation  of  this  process  equation  (1)  can  be  written  in 
gerwiral  form,  corresponding  to  the  end  of  the  first  period  of  impact, 

^  *  ^o  ^  oxplosiYe|  (1) 


vhfFt  A  ~  AMPtfr  nf  iap&et: 


Aq  ~  pottntifti  •mrgj  of  t iMtie  d«fonMti(m  of  Mtal  of  tho  instruMni  ind 
drop-httatr; 

•nergft  "abcorbod"  by  the  at  tel  of  the  iruitruaent  and  drop-haoMir  as  a 
result  of  plsatie  flow,  external  friction  etc.; 

—  work  of  pressure  of  charge  (V  — *  toIum  of  charge;  P  —  stress  in 
charge  at  ijupact;  K  —  aodulus  of  thorough  explosive^  pressure); 
\xpl<m±f  —  charge. 

In  the  second  period  of  inpact,  the  potential  energy  of  elastic  defontfitions 
P^V 

Aq  +  ^  is  transforaed  aainly  into  energy  of  load  rebound,  which  ons  can  de- 
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temine  hy  the  height  of  rebound. 

Upon  exaalnatl<xi  of  equaticxi  (1)  and  Fig.  1  the  followLig  general  rwaarks  can 
be  made. 

1.  Magnitude  of  stresses  P  in  the  charge  is  detenained  by  its  fluidity  and 
external  conditions  of  flow,  and  besides,  the  fluidity  of  the  charge  in  a  strong 
degree  depends  on  the  neltlng  teaperature  of  the  e3q>loeive,  iddle  the  external 
conditions  of  flow  depend  on  the  design  of  the  instruaent,  in  which  the  charge  is 
def  onasd . 


2.  By  asasux^  of  growth  of  stresses  P,  the  speed  of  flew  of  the  charge  is 
decreased  due  to  the  increase  of  decelerations  of  aovoaent  of  the  upper  striker. 

p2w 

3.  Increase  of  work  of  pressure  .  should  be  accoapanied  by  a  decrease  of 

2K 

work  of  flow  \xploair9  charge  and  rice  versa. 

In  1912  at  the  Fill  Intematior^il  Congress  on  Applied  Cheaistry,  for  testing 
the  sensitivity  of  an  explosive  at  drop^haaner  lapact  the  so-called  Kast  instruaent 
was  adopted.  This  instruaent,  soaswhat  aodified  by  the  All-Union  Govemaent 
Standard  2065—43,  in  the  future  will  be  called  "instruaent  No.  1". 

For  creation  of  conditions  of  deforaation  of  &  charge,  accoapanied  by  stresses 

saaller,  than  in  instruaent  No.  1,  the  author  in  1946  offered  instruaent  No.  2. 

For  excitation  of  stresses  in  A  charge  greater,  than  in  the  use  of  instrtusent  Mo.  1 
the  author  in  1950  develoj^d  instruaent  No.  3  (diagraa  of  instruasnts  No.  1,  2  and 

1 


3>  Fig.  2).  In  using  »  ring  in  instruKsnt  No.  3  for  solid  explosives  and  for 
liquid  eiqploeives  a  cup^  made  fron  different  non-ferrous  Mtals  (lead,  tin, 
aluiPJinuK,  copper  et  al.),  it  is  possible  to  excite  larger  or  smaller  stress  in  a 
charge  independent  of  the  fluidity  of  the  explosive.  To  i^ceive  the  desired 
stress  during  deformation  of  a  charge  in  instrument  No.  3  is  also  possible  by 
changing  dimension  a  on  the  upper  striker  (See  Fig.  2). 
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Fig.  2.  Diagram  of  instruments  for  testing  explosives  with  a  drop- 
haoBMr.  l)  Strikers;  2)  Sleeve;  3)  Gap;  k)  Groove;  5)  Ring  (or 
cup);  6)  Free  space;  7)  Upper  striker. 

Application  of  the  instruments  described  above  allowed  for  experiments  to  be 
conducted,  when  at  constant  impact  energy  in  the  charge  very  large  or  veiry  small 
stresses  were  excited,  when  these  stresses  were  detemdned  mainly  by  the  fluiaity 
of  the  charge  (instrument  No.  2)  and  when  the  fluidity  of  the  charge  did  not  render 
a  determining  influence  on  the  magnitude  of  stresses  (instrument  No.  3).  Results 
of  the  experiments  allowed  to  compare  the  stresses  excited  in  the  charge,  and  the 
probability  of  the  appea’"  nee  of  explosion  which  provided  a  basis  for  criticism  of 
wide-spread  erroneous  presentations  on  the  role  stresses  in  the  deformation  of  an 
explosive  charge. 


In  an  instrument  with  a  striker  10  mm  in  diameter,  the  ring  has  an  external 
diameter  of  10,  internal  6  and  height  3  am.  After  introduction  of  0.05  g  of 
explosive  and  pressing  the  height  of  the  ring  becomes  equal  to  approximately  2.3 
and  internal  diameter  of  about  4  am.  The  cup  has  an  internal  diaaaoter  of  4,  height 
3  and  thickness  of  the  bottom  0.3 — 0.5  am. 
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KMt  ^  mining  tht  dAta  k»o«n  to  his(b«for«  1920),  Mdo  «  eonelufion 

I  that  at  impact,  tht  probability  of  txoitation  of  tsqjloaion  it  grtaltr  tht  iMsrt 

f 

I  tpteifio  prtasurt  on  tht  txplotitt.  Confiraation  of  such  a  eonclution  ht 
contidtrtd  to  bt  knoum  froa  an  txptriatnt  %dth  tht  incrtatt  of  atnaitiYity  of  an 
txplotivt  in  tht  prtttnet  of  aolid  partielit,  on  tht  outtr  liadtt  of  which  in 
Katt'a  opinion,  prttaixrt  it  "conctntrattd".^  Tht  rolt  of  prtttuz%  Kast  txplaintd 
by  txeitation  of  high  ttaptraturt.  Kt  alloMtd,  howtvtr,  for  tht  pottibiilty  of 
dirtct  txcitatrOT  of  txplotion,  patting  tht  thtrtal  ttagt. 

L.  Vtnntn,  B.  ^Itau  and  A.  Ltcorcht  allow  that  in  etrtain  cattt,  iapact 

oauatt  oteillation  of  aoltcultt  of  a  eharacttr,  othtr  than  otcillationa  cauttd  by 
tht  incrtatt  of  tMgttraturt. 

Bruntwig  oontidtrt  that  bttldtt  a  nuabtr  of  thtorttieal  contidtrations 

againtt  tht  attwption  about  inttraadiatt  tranaition  of  tntrgy  of  ljq)act  into 
thtraal  tntrgy,  thtrt  it  tht  abttnot  of  a  paraUtlim  bttwttn  atntitivity  to  iapaet 
and  ttaptraturt  of  flath  which  it  difficult  to  txplain  tTtn  at  calculation  of 
dittinotiont  in  htat  capacity,  thtraal  capacity,  eotfficitnt  of  tlattieity  and  to 
forth.  Thit  invtttigator  allowt  that  "to  prttturt,  at  tht  factor  ortrooaing 
rttittanot,  btlongt,  probably,  tht  rolt  of  autual  approach  of  atoat  with  a  largt 
chtaical  affinity". 

In  1922  Jxxttrow  IkJ  txprttttd  tht  thc\ight  that  tht  atntitivity  of  an 
txplotivt  during  firing  and  at  dropohatncr  iapaot  it  dtttraintd  by  critical  ttrtttot 
and  that  thttt  ttrttatt  say  bt  tJiprttatd  by  txptrijwntal  sMnt. 

^Tht  pratantation  about  tht  incrtatt  of  atntitivity  at  a  rttult  of  "con- 
cantraticm  of  praaturt  on  tht  outtr  liaitt"  it  widt-tprtad  and  wat  tnttrtd  in 
taxtbooka  on  tht  thtory  of  txplotivtt.  Appartntly,  thit  latt  cireuattanot  pro- 
voktd  tht  qutttion  frtqutntly  atktd  by  tht  author  at  factorita:  "la  it  aaftr  to 
conduct  atohanioal  proottaing  of  txplotivt  ehargtt  idth  a  ahtrp  (st  a  dull  tool?" 


The  •fforta  of  a  nuabar  of  Invaatigators  ara  known,  tha  aaaanca  of  tha  opinion 
of  which  on  tha  rola  of  atraaaaa  in  tha  axcitatlon  of  ajqploalon  la  raducad  to  tha 
abova-lndioatad  praaantation  C^J *C'>J *  - 

In  eonnactlon  with  this  it  is  nacaasary  to  nota  tha  intai-astlng  Invaati^atlons 

of  Tu.  M.  Ryablnina  /"6_7,  /”7_7»  ®tudlad  tha  infliwnca  of  static  strassas  up 

to  50  thousand  kg/cm  on  tha  thamal  daoaaposltion  of  an  axploalva.  Ha  astabllshad 

that  thasa  strassas  not  only  do  not  Incraasa  tha  spaad  of  dacoaposition,  but  for  a 

nuBbar  of  axploalvas  avan  daisy  it.  Brid^iun  /~I1_7  studiad  tha  influanca  of 

2 

static  strassas  up  to  100  thousand  kg/ca  on  axploslva.  As  a  result  of  tasting 
saventaan  axploalvas,  hs  arrived  at  ths  conclusion  that  under  tha  action  of  such 
strassaa  an  explosion  is  not  stisiulatad. 

Tha  axpariswnts  of  Ryabinin  and  Brldgaan  reject  the  affiraation  of  soibs 
invastigai.ors  /”L2  at  al._7  on  tha  poaaibility  of  axcitatlon  of  explosion  as  a 
result  of  tha  direct  action  of  static  pressure.  However,  thasa  axparuwnts  do  not 
give  an  answer  to  tha  question  about  tha  influenca  of  dynasdc  strassas,  sisdlar  to 
those  which  appear  in  an  axploaiva,  for  axasple,  at  drop-haasar  lapact,  when  the 
tine  of  dafomation  of  the  charge  constitutes  10  ^  --  10  sac. 

An  attasqat  to  axparljaantally  check  tha  Influence  of  dynasde  strasaas  was 
undertaken  by  Taman  and  Kroger  C^J •  However,  tha  unsuccessful  registration  of 
axparisants  did  not  provide  tha  possibility  to  tha  authors  to  aaks  a  definite 
conclusion. 

On  the  basis  of  tha  brief  account  of  literary  information  on  the  considered 
question  tha  following  conclusions  can  ba  made. 

1.  Tha  presentations  of  Kast,  Brunswig,  Sggert,  Justresr  at  al.,  advanced  in 
20  years, /susses, as  on  tha  factor,  determining  axploaiva  sensitivity,  ware 
developed  in  works,  carried  out  during  the  period  of  the  next  10->20  yeara. 

2.  Tha  presentation  about  tha  determining  rola  of  atreaaes  in  excitation  of 
explosion  served  as  a  basis  for  promoting  tha  hypothesis  of  critical  strassas  which 
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also  ltd  to  tht  telftction  of  a  dtfinit#  dlraction  for  invtatigationt  of  tht 
stability  of  an  txploaivt  charge  of  an  artillery  shell  upon  firing. 

3.  The  presentation  about  the  deterwining  role  of  stresses  in  excitation  of 
explosion  semred  as  tl^  theoretical  basis  of  the  opinion  about  the  advantage  of  the 
itsthod  of  exhibiting  relative  sensitivity  of  an  explosive  upon  impact  in  instruswnt 
No.  1. 

4.  The  wide-apread  presentation  about  such  a  role  of  stresses  in  an  explosive 
is  acconpanied  according  to  a  number  of  authors  by  the  denial  of  an  intermediate 
thermal  stage  and  promoting  of  the  hypotheses  on  triggering  of  an  explosion  as  a 
result  of  "decrease"  or  "increase"  of  distances  between  molecules  and  atoms. 

Experimental  Check  and  Discussion  of  Information  on  the  Role  of  Stresses  IQiown  in 
Literature 

The  author  first  /”l0_7  established  that  with  a  drop-hammer  impact  certain 
explosives  possess  less  sensitivity  in  instnaaent  No.  1,  than  in  instrument  No.  2, 
although  in  the  latter  there  appear  smaller  stresses,  than  in  the  first.  Establish¬ 
ment  of  the  high  sensitivity  of  the  explosive  in  instrument  No.  2  served  as  a  basis 
for  criticism  of  the  wide-sproad  presentation  on  the  role  stresses  in  triggering  an 
explosion. 

In  Table  1  are  examples,  illustrating  the  noted  phenomenon.  In  a  series  of 
cases  (experiments  1, .2,  6,  10)  the  frequency  of  explosions  in  instrument  No.  1  is 
greater  than  in  instiniment  No.  2.  Also  in  the  Table  are  cases,  when  the  frequency 
of  explosions  in  instrument  No.  1  is  significantly  less  than  in  instrument  No.  2 
(experiments  3,  5,  7,  8,  9,  H)  which  is  not  completely  coordinated  with  the 
presentation  on  stresses,  as  the  siain  factor  determining  sensitivity  of  explosives. 
In  Table  1  are  the  results  of  experiments,  when  in  the  presence  of  paraffin, 
sensitivity  of  explosive  in  instnaoent  No.  1  is  greatly  increased  (compare 
experiments  5  and  6  or  9  and  10)  which  also  is  impossible  to  explain,  being  directed 
by  the  old  presentation  of  the  role  of  stresses  in  triggering  an  explosion. 
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SwwitiTitjr  of  •xplo»iv»  In  in«trwifit«  lo.  1  Mi  2  (wiight  of  lotd  —  5  kg, 
noight  of  txplo§iT»  ohtrt*  —  0.05  g,  ninbor  of  pftrftia»l  oagporlaont# 

—  20) 


^  Himissnsiwm  BB 

fi'P* 

mT-m 

Hacioetk  npiuos 

ocm 

MI  1 

M  2 

{iTpOTM 

4 

20 

0 

QTarpsa 

4 

100 

6 

OAumsuI  oopox 

4 

35 

70 

^rwcores 

^  rescores-f-A!  (ayv i)  SO :  50 

2.5 

10 

90 

4 

0 

— 

^  r«ccoreiH-AI  (nyj^)  50:50  . 

)  rcxcorei^AI  (iiy^a>4-iupa^im  45 : 45 ;  10 

2 

— 

100 

2 

40 

0 

KdOrf-VlYk  87:13 

4 

0 

— 

KCIOrf^a  87^3 

2 

— 

100 

NHiNQrfAi  (n/m)  80:20 

4 

0 

— 

NHiNOrfAl  (n/xpa)  80:20 

2 

— 

100 

AnapOKClUNM 

2.5 

30 

100 

mllapoiKiiaiui-fnapa^Ra  (95 : 5) 

2,5 

100 

0 

I^CTN^naT  CIHHUa 

2 

0 

100 

1)  •xporlaont;  2)  Dtsignation  of  •3cploaiv»j  3)  Bhorgy  of  iapoct  kG  •  «;  4) 
Proquoncy  of  oxplooionaj  5)  inttroiwnt}  6)  Trotyl;  7)  TOtryl;  8)  SmIco  p^r; 
9)  Hoxogont;  10)  (powdor);  11)  pwiffin;  12)  carbon;  13)  Pyroxylinoj  U)  laad 
styphnato. 

Thui,  on  tha  basis  of  tho  data  in  Tabls  1  a  conclusion  can  bs  aads  that  ths 
probability  of  triggering  an  explosion  is  not  alsays  in  direct  dependence  on  the 
stresses  appearing  at  iapact  and,  consequently,  tho  vide-spread  presentations  on 
the  role  of  stresses  in  this  process  do  not  correspond  to  reality. 

Houever  such  a  conclusion  is  disputed  by  certain  "protectors  of  stresses",  lAo 
affirm  that  explosives  possess  "selective"  sensitivity  to  iaqiact  and  to  friction^. 
This  sensitivity  to  is^ct,  in  their  opinion,  is  the  most  objective  criterion  of 
stability  of  explosives,  stipulated  by  thsir  chesiioal  nature.  In  the  opinion  of 
these  scientists,  instrument  Mo.  2  characterises  sensitivity  only  to  ftriction, 


^  Impact  they  imply  deformation  of  a  charge  as  a  result  of  dynamic  com¬ 
pression  and  by  friction  —  as  a  result  of  flow. 


and  tha  raaulta  of  tasting  in  it  do  not  dapiet  tharafora  tha  influanca  of  atraaaas 
and,  in  ganaral,  ara  not  indicativa.  Thaaa  eonsidarationa  ara  scholastic  and  can 
aasily  ba  rafutad  bgr  tha  rasults  of  axpariMnts  in  instruaant  Mo.  1  givan  baXcsr. 

Tha  axpariaants  in  this  ijiatrunant  aara  conductad  with  a  larga  nuabar  of 
a^losiva  and  nonaxploaiva  substancas.  In  tha  salaction  of  substances  for  taats 
mainly  their  ability  upon  iapact  to  ba  forced  into  the  gap  of  the  instrueant  was 
takan  into  account,  which  is  stipulated  by  tha  yield  point  and  nalting  point  of 
the  substance. 

0.05  g  of  the  substance  was  placed  in  instrunant  No.  1  and  an  iapact  was  made, 
noting  haight  of  rebound  of  the  load  (only  in  cases  of  failure)  and  degree  of 
pressing  of  the  subetance  into  the  gap  of  the  instznanant.  Ifdth  every  substance  up 
to  50  tests  were  conducted  and  for  cosparabla  substances  the  external  conditions 
of  i]^>aet  were  observed  with  constants. 

For  tha  characteristics  of  the  Mthod  of  investigation  and  conclusions  vdiich 
ware  made  in  Fig.  3  and  in  Table  2,  the  results  of  the  study  of  certain  substances 
are  given. 

In  Fig.  3  the  vertical  series  of  points  correspond  to  the  heights  of  recoil 
of  load  h^  at  heights  of  its  fall  h,  equal  to  200,  400  and  600  bb.  Every  vertical 
series  (with  the  exception  of  series  V  and  VI,  corresponding  to  aluminun  powder  and 
water)  was  obtained  as  a  result  of  20  parallel  experiments. 

Work  of  flow  of  the  charge  V^xpiosive  ^  given  case  is  connected  with 
heights  of  fall  h  and  rebound  h^  of  the  load  by  an  approximate  relationship 

Hsxplosive  *  0.005  (h  -  l.YOho)  kG  •  m  (2) 

In  a  separate  series  in  Fig.  3  the  points  are  absent,  corresponding  to  cases 
of  explosion.  The  number  of  such  cases  is  marked  a  digit  in  the  circle,  located 
above  the  corresponding  series  of  points. 
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Fig.  3.  Height  of  robound  of  load  in  a  sarias  of  parallal  a^qsariaanta 
with  diffarant  aubatancas  on  a  drop-haaaar:  I  •->  trotjl,  II  — > 

dinitrobansana^  III  tatryl,  IV  —  ^grlyl^  V  —  aluainun  powdar, 

VI  ~  watar.  (Figuraa  in  circla  —  noabar  of  axploaiona  froa  20 
axparijaanta).  1)  Haight  of  fall  of  load  (5  kg)  h  in  m;  2)  Haight  of 
rabound  of  load  ho  in  ai. 

Tabla  2 

Halation  of  avaraga  haight  of  rabound  to  haight  of  fall  of  load 

(aaa  Pig.  3) 


HaNaenoBaHHC  BciaecTiM 

Tameparypa 

aaraepae- 
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1  OTHOiiieHiie  ik«:A  i  H 

a  MM 
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400 
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#)  Tporu 

ao,7 

38 

10 

33 

J!bamTpo6eM30ji 

90 

36 

25 

21 

4)  Terpia 

128,8 

46 

45 

48 

•0  Kcmm 

181 

52 

33 
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1)  Dasignation  of  aubatanca;  2)  Tai^Mirattira  of  hardaning  °C;  3)  Ratio  of  IIq:  h 
in  %\  4)  Trotyl;  5)  Dinitrobansana ;  6)  Tatryl;  7)  Xylyl;  8)  Aluainua  powdar; 
9)  lAitar. 

On  tha  baaia  of  tha  data  in  Pig.  3>  Tabla  2  and  cartain  obaarvationa  tha 
following  ccmcluaiona  can  ba  aada. 

1.  Upon  impact  tha  charga  in  inatruaant  No.  1  ia  con^iraaaad  and  it  flowa. 
Tha  work  of  the  flow  of  tha  charga  ti^xpioaiTa  on  tha  anargy  of  impact  and 

tha  fluidity  of  tha  axploaiva.  '  In  caaaa,  idian  fluidity  ia  vary  aaall  (aluaimaa 


powter)  or  whtn  fluidity  of  th«  •xplotiv*  «nd  onorgy  of  ijipuet  is  not  grs«t  (xylyl 
St  h  •  200  wm),  ths  work  of  flow  of  ths  ehsrgs,  ss  follows  frosi  squstion  (2),  is 
smU,  duB  to  ths  fsot  that  ths  chsrgs  is  not  forcsd  into  ths  gap  of  ths  instruasnt 
In  thoss  sasw  oasss,  whsn  plastic  and  viscous-plastic  flow  of  ths  chargs  occurs  in 
ths  gap  of  ths  instrxMnt,  ths  work  of  flow  can  rsach  a  significant  aagnituds, 
sonstiJBSS  sxcssding  half  of  ths  snsrgy  of  ivpact. 

Thus,  ths  wids-sprsad  prsssntation  about  ths  fact  that  in  instruiBsnt  No.  1 
only  coB^MTSSsion  of  ths  chargs  takas  placs,  dess  net  correspond  to  rsality;  and  ths 
affimation  that  ths  %K>rk  of  flow  of  a  substanes  in  this  instrument  is  small,  is 
ths  result  of  a  poor  study  of  the  mechanism  of  deformation  of  ths  chargs. 

There  is  no  basis  also  to  ths  proposal  of  certain  investigators  to  consider 
that  ths  results  of  tests  in  instrument  No.  1  characterise  sensitivity  to  impact, 
and  in  instrument  No.  2  —  to  friction. 

Both  instruments  characterise  sensitivity  of  an  ejqalosivs  during  transient 
deformation  of  compression  and  flow  of  a  charge;  with  this,  in  instrument  No.  1 
ths  speed  of  flow  is  less,  and  compression  is  greater  than  in  instrument  No.  2. 

2.  Observed  in  Fig.  3,  ths  very  great  scattering  of  results  in  parallel  tests 
is  e3q>lainsd  not  only  by  the  different  magnitude  of  the  gap  in  the  applied 
instruments,  but  aleo  by  a  series  of  accidental  causes,  affecting  the  degree  of 
melting  of  the  charge.  In  view  of  such  great  scattering,  it  is  impossible  to 
determine  stresses  in  charges  in  cases  of  explosion  on  the  basis  of  their  amasure- 
ment  in  cases  of  failure.  Thus,  for  example,  it  is  impossible  to  think  that  the 
stresses,  leading  to  explosion  of  tetryl  in  13  cases  (h  *=  600  nm),  are  equal  to  the 
stresses  in  7  cases  of  failure.  The  stresses  in  cases  of  failure  can  be  very 
strcHigly  distinguished  froei  stresses  in  cases  of  explosion. 

- T - - - 

Work  of  flow  is  small  also  in  those  cases,  when  the  charge  possesses  very 
large  fludity  (water). 


3.  In  th»  vtrtical  row  In  Fig.  3  ftm  points  eorrsspoaiing  to  cssss  of 
sxplotion.  Thtrt  srlsss  s  qusstion:  fiiich  hsights  of  rtboiand  corrsspond  to  ths 


disesrdsd  points?  If  thsss  points  corrsspondsd  to  ths  grsAtsst  vsluss  of  hsight  of 
rsbound,  thsn  ths  prsssntstion  shout  ths  dstsraining  rols  of  strsssss  in  triggsring 
sn  sxplosion  in  csrtsin  dsgres  would  bs  sxpsriasntsUjr  ecmfirasd.  Ths  snswr  to 
this  qussti(^  esn  bs  assn  in  Tsbls  2,  idisrs  tbs  ehsngs  of  ths  ratio  of  hsight  of 
rsbound  of  load  to  hsight  of  its  fall  h^:  h  with  ths  incrsass  of* hsight  h  is  giTsn. 

-h  --  incTsass  of  h  fr<*  200  to 
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400  mm  is  dscrsassd  (trotyl,  dinitrobsnssns,  xylyl).  If  ths  casss  of  sxplosicai 
eorrssp<»Klsd  to  grsat  hsights  of  rsbound,  thsn  ths  scattsring  of  points  would  Isad 
to  a  furthsr  dsersass  of  ths  ratio  h^  :  h  with  ths  incrsass  of  hsight  of  fall.  In 
this  ease,  at  h  *  600  wm  ths  ratio  h^  :  h  for  trotyl  must  havs  bssn  Isss  than  19i 
for  xylyl  -  lass  than  33  and  for  tstryl  -  lass  than  45^.  In  rsality,  upon  transition 
fron  a  hsight  of  400  to  a  hsight  of  600  tm  ths  ratio  h^  :  h  not  only  was  not 
dscrsassd,  but  was  srsn  noticsably  incrsassd.  Such  a  rssult  is  due  to  ths  fact 
that  explosions  corrsspond  chiefly  to  snail  values  of  hsight  of  rsbound,  i.s. 
explosions  are  triggered  with  snallsr  stresses,  but  in  large  work  of  flow  -  see 
equation  (2). 

Thus,  the  results  of  experiasnts  in  instruasnt  No.  1,  shown  in  Fig.  3,  and 
also  in  Table  2  and  1  convince  us  of  the  fact  that  stresses  are  not  ths  factor 
detsmining  triggsring  of  an  explosion  and  that  ths  wide->opread  presentations  about 
such  a  rols  of  stresses  do  not  correspond  to  reality. 


The  Actual  Rols  of  Stresses  in  Trigaerina  an  Explosion 

During  the  study  of  the  role  of  stresses  in  triggering  an  explosion,  first  of 
all  it  was  necessary  to  explain  their  influence  in  the  case  yAmn  there  is  no  flow 
of  the  churge.  Such  deforaatlon  of  charge  aost  successfully  was  obtained  in 
instruasnt  No.  3,  in  which  plasticity  of  the  astal  of  the  ring  ensured  thorough 


pr«t8ttrt  on  tht  chargt  upon  iiBpact,  and  flow  of  mUI  in  tho  gap  of  tb«  inatruMnt 
did  not  appaar. 

&3qpariMnt8  wara  conduetad  with  trotyl,  «diich  was  introduead  in  a  quantity  of 
0.05  g  to  instnawnt  No.  3  with  a  aaall  gap  and  with  an  aluadniai  ring.  Aftar 
molding  (or  aftar  praliminary  impacts  during  fall  of  tha  load  from  a  imall  haight) 
taata  wara  eonduetad  during  fall  of  a  load  waighing  5  kg  tram  a  haight  of  2000  am. 
With  this,  thara  wara  no  «:q>loaion8. 

In  conducting  a  saeond  aariat  of  tha  aaaa  axpariaanta  with  an  uppar  strikar, 
having  diaansion  a,  aqual  to  9  am  (saa  Fig.  2),  or  with  a  laad  ring  instaad  of  an 
aluminum  ona,  100^  fraquaney  of  axploaions  was  obtainad. 

In  tha  first  easa,  upon  impact  tha  ring  was  vary  insignificantly  f oread  into 
tha  gap  of  tha  instrumant  (aftar  impact  this  was  chackad  by  axtracting  tha  ring 
from  tha  instrumant)  and,  consaquantly,  only  thorough  coaqsrassion  of  tha  charga 
occurrad,  with  tha  appaaranca  of  graat  strassas,  but  with  a  vary  small  flow  of  it. 
In  tha  saeond  casa,  as  a  rasult  of  partial  prassing  of  aluminum  into  tha  fraa  spaca 
batwaan  the  groovas  of  the  striker  and  s  leave  or  laad  into  tha  gap  of  tha  instru¬ 
ment,  a  graat  flow  of  charge  took  place  with  smaller  stresses^  than  in  tha  first 
casa. 

Since  in  the  first  case  tha  charge  was  subjected  to  thorough  compression  with 
vary  graat  strassas,  than  there  appeared  the  assusqotion  that  in  the  deformation  of 
compression  of  a  charge  not  accompanied  by  flow  of  tha  exploeiva,  an  explosion  is 
not  triggered. 

For  checking  this,  precisely  tha  same  a^q^riments  wara  conducted,  but  with 
significantly  more  sensitive  explosives  than  trotyl  —  hexogane  and  PSTN.  The 
results  of  the  experiments  confirmed  our  assumption. 

^  The  magnitude  of  stresses  is  judged  by  the  height  of  rebound  of  the  load 
with  the  application  of  naphthalene  instead  of  trotyl. 


3p«ei4lly  lnt«rt8ting  r«8ult«  ii«r«  obtadiwd  with  Mreurj  fiUainat#,  which,  60 
it  it  known,  it  chtrtcttristd  hr  vtrr  hifh  ttntltivitr*  For  conducting  tht 

Itxptriatntt  tn  inttmwnt  wtt  uttd,  t  ditgrta  of  which  it  thoim  in  Fig.  4.  Into  t 
copper  ring  with  inttrntl  ditattcr  of  5  tnd  height  of  2.5  at  0.05  g  of  atreury 
Ifulainttt  WM  pXtetd  tnd  with  tht  help  of  t  jurttt,  tht  ttriktrt  wtrt  prttttd  bj 

i 

forct  of  5CXX)  kilograM.-.jn)t  inttruatni,  after  pretting,  wet  tubjected  to  con- 

teeutive  drop-htowr  iaptcit  with  fall  of  a  load  weii^iing  10  kg  froa  heightt  of 
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150,  250,  500,  750  and  1000  ni  .  With  this,  an  e^lotion  was  not  triggered  off. 
After  an  iapact  froa  a  height  of  1000  aa,  tlMt  inttruaent  (without  tri^)  was  turned 
and  the  tleere  wet  aoved  downwards;  at  a  result,  the  copper  ring  idth  aereurr 
fulainate  appeared  against  the  groove  of  the  sleeve  and  i^>on  ii^jact  could  be  forced 
into  the  latter.  The  instnaant  prepared  in  this  aanner  was  subjected  to  iapact  at 
the  fall  of  10  kg  load  froa  a  height  of  150  aa.  In  these  conditions,  explosion  of 
asreury  fulainate  was  triggered.  The  i^noaenon  was  constantly  repeated  in  a 
significant  nuaber  of  independent  tests. 


Fig.  4.  Inttruaent  for  e^qariaents  with  aercury  fulainate. 

In  this  Banner,  it  was  established  that  in  case  of  thorough  eoapression  even 
of  such  a  sensitive  explosive  as  aercury  fulainate,  an  explosion  is  not  triggered, 
if  flow  of  charge  is  very  insignificant.  C(xiversely,  aercury  fulainate  with 
significant  flow  of  charge  explodes,  although  the  stresses  then  are  considerably 
less  than  in  the  first  case. 

further  increase  of  height  of  fall  of  load  was'  not  peraitted  because  of 
apprehension  of  significant  def onaition  of  the  sleeve  of  the  inttruaent  and  the 
possible  flow  of  the  charge  to  this. 


Tht  abovv-dtterited  •xptriMnU  idth  trotyl,  htxogonc,  PSTN  and  l««d  fulainaU 
convincingly  confixaad  tho  aasuaption  that  with  thorough  dywwic  coaprossion  of  a 
charga,  not  aecoapaniad  by  ita  flow,  an  axploaion  ia  not  triggarad  . 

At  tha  aaaa  tiiai  thaaa  axpariaanta,  jx^st  as  tha  invastigations  dascribad  in  tha 
pracading  division,  confira  tha  thought  axprassad  by  author  that  tha 

affactivanass  of  atehanical  influanca  should  be  conaidarad,  taking  into  consideration 
daforaation  of  flow  of  tha  charge,  and  not  daforaation  of  its  coaprassion. 

As  an  additional  confiraation  of  this  can  serve  tha  axpariaantal  data  of  S.  M. 
Muratov,  who  in  studying  tha  relative  sensitivity  of  several  explosives  in  instru- 
aant  No.  1,  received  tha  paradoxical  results,  given  in  Table  3. 

Tha  unexpected  results  of  tha  axpariaants  of  3.  M.  Muratov  are  asplainad  by 
tha  fact  that  ha  used  instruaants  No.  1  with  a  vary  saall  gap  between  tha  striker 
and  channel  of  tha  sleava,  due  to  which,  iapact  was  accoopaniad  by  very  saall  flow 
of  those  explosives  which  possess  poor  fludity.  As  a  result,  in  charges  of  such, 
vary  sensitive,  but  possessing  low  fluidity,  of  initiating  explosives,  as  aarcury 
fulainata,  lead  styphnata  and  lead  aside,  explosion  appeared  significantly  more 
difficult,  than  in  charges  of  PETN  and  trotyl,  which  possess  good  fluidity. 

However,  froei  this  it  is  impossible  to  make  the  conclusion  that  the  named  initiating 
exploaive  possesses  less  sensitivity  during  deformation,  than  PETN  and  trotyl.  For 
revealing  the  relative  sensitivity  of  ejqplosives,  possessing  different  fluidity,  it 
is  necessary  to  consider  the  conditions  of  flow  of  the  substance  of  their  charges. 

Taking  into  consideration  the  results  of  the  conducted  experiments,  a  con¬ 
clusion  can  be  made  that  triggering  of  explosion  of  an  explosive  substance  stipulated 
by  the  flow  of  the  substance  of  the  charge. 

^In  the  opinion  of  the  author,  this  conclusion  can  be  spread  also  in  the  case 
of  triggi»ring  of  larger  stresses,  than/are  accessible  with  drop-haasaer  impact. 

However  this  consideration  does  not  have  practical  value,  since  very  large  stresses 
inevitably  should  be  accompanied  by  flow  of  the  charge,  which  also  stipulates 
triggering  of  an  explosion. 


Tabl#  3 

R««ult«  of  totting  tht  rtlttive  itntitivity  of  txplotivts  in  inatriawnt  Mo.  1 


i)  KaNiMmoMNMe  BB 

V  SiieprMf  yiap* 
i)  kP-m 

^HacTocth  upuioB 

i)  « 

^  Tpom 

3 

40 

^Tie 

3 

300 

i)  TtrjMseM 

3 

60 

7)  Asm  CMiMua 

3 

30 

0  rpsHysM  pryrh 

3 

10 

^  CW^IMT  CtNHIU 

4 

10 

1)  Dtsignation  of  txploaivt;  2)  Bntrgy  of  inpact  kG**;  3)  Prtqutnce  of  txploaions; 
U)  Trotyl;  5)  PETN;  6)  Tttrattna;  7)  Lttd  atidt;  8)  Mtrcury  fuJ*inatt;  9)  Lead 
styphnatt . 

Thtrt  arista,  howavtr,  a  qutation  about  tht  characttr  of  tht  influtnct  of 
strtaats  in  tht  chargt,  which  intvitably  accompany  dtforaation  of  flow  of  tht 
txploaivt. 

In  Tablt  1  azt  tht  rtaults  of  taqstriatnta  in  which  triggtring  of  an  txploaion 
was  atipulattd  by  flow  of  tht  chargt,  accoiq>anitd  by  Xargtr(»xptri*tnt8  1,  2,  6,  10) 
and  amalltr  (txptruitnta  3,  5,  7,  3,  9,11)  atrtsaaa. 

With  vary  largt  atrtaata  and  SBail  flow  of  a  trotyl  chargt  in  inatrunant  No.  3 
with  an  aluminum  ring  an  txploaion  ia  not  triggtrtd,  at  amalltr  atrtaata,  but  larger 
flow  of  this  chargt  in  instrument  No.  3  with  a  Itad  ring  the  frtqutncy  of  triggtring 
tht  txploaion  of  trotyl  ia  1005t.  However  at  still  amalltr  atrtaata,  although  with 
largt  flow  of  the  chargt  in  instrument  No.  3  with  a  lead  ring  and  upper  striker 
having  facets,  txploaion  ia  not  triggtrtd. 

Thus,  the  rtaults  of  thtat  experimanta  show  the  complex  characttr  of  the 
dependence  of  t^  probability  of  triggtring  an  txploaion  on  stresses. 

Ccmsidtring  that  the  appearance  of  an  txploaion  is  atipulattd  bl^  the  flow  of 
the  axplosivt,  the  determining  parameter  of  this  proetaa  can  be  considered  as  the 
specific  speed  of  energy  release  u  in  the  charge  during  its  plastic  flo^.  Magnitude 


Fig.  5»  D«p«nd«nc«  of  specific  spe«d  of  #n«rgy  reltase  in  charge  (u)  on  the 
Ptreeeee  ap^aring  in  it  (P)  with  different  impact  energies  (A)  /Schematic 
grap^.  1)  Fluidity;  2)  -  4)  Explosive  -  1  -  3.  _ 

ViH.th  constant  energy  of  impact  and  increase  of  stresses,  the  speed  of  flow  is 

decreased  (see  division  1).  This  circumstance  stipulates  the  increase  of  u  with  the 

increase  of  P  only  up  to  a  certain  optimum  magnitude.  At  a  further  increase  of  P, 

the  speed  of  flow  becomes  so  small  that  u  starts  to  be  decreased. 

Consequently,  at  an  energy  of  impact  A  const,  u  “  ^  (P),  it  is  possible  to 

present  curves,  having  a  maximum,  as  this  is  shown  in  Fig.  5.  The  curves  in  this 

figure  express  the  dependence  of  u  on  P  at  energies  of  impact. 


Ltt  US  Msuae  th&t  in  instruwnts  No.  2,  1,  3c  (Isiid  ring)  snd  3s  (sluainuB 

ring)  St  snsrgy  of  ijqpsct  dsforastion  of  s  ehsrgt  of  sxplosivs  -  1,  posssssing 

grtst  fluiditjr  is  produesd.  Th«  strssssa,  scaring  in  the  defonastion  of  this 

charge  in  different  instriasnts,  are  shown  in  Pig.  5  hy  aeans  of  circles,  in  vdiich 

the  index  of  the  corresponding  instruaent  is  witten^.  In  the  case  of  defomation 

of  a  charge  of  explosive  -2,  possessing  lesser  fluidity,  than  explosive  -i,  t}» 
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corresponding  circles  are  arranged  sonswhat  more  to  the  right  ;  but  in  case  of  de- 
forauation  of  a  charge  of  explosive  -3,  possessing  still  lesser  fluidity,  the  circles 
are  arranged  still  soaewhat  more  to  the  right. 

Thus,  ?  and  u  depend  on  the  design  of  the  instruaent  and  fluidity  of  the 
explosive.  The  aagnitude  u  in  case  of  defomation  of  a  charge  of  explosive  -1  is 
very  saall  in  instruaents  No.  2  and  1  due  to  saall  stresses,  and  in  instrunenis  No. 
3c  and  3a  —  due  to  very  low  speed  of  flow  of  the  explosive.  In  case  of  deformation 
of  a  charge  of  explosive  -2,  the  magnitude  u  is  greatest  in  instnaaent  No.  1,  but 
in  case  of  deforaation  of  a  charge  of  explosive  -3,  magnitude  u  is  greatest  in 
instrument  No.  2. 

With  an  increase  of  energy  of  impact  (for  example,  to  A^),  the  circles  marked 
in  Fig,  5  also  will  be  displaced  to  the  right.  Then  the  speed  of  energy  release  u 
is  increased  to  a  certain  limit.  However,  displaceaent  of  circles  to  the  right  and 
inczease  of  u  depend  on  fluidity  of  the  explosive  and  design  of  the  instruaent. 

Thus,  for  exaaple,  it  is  possible  to  consider  that  at  an  increase  of  energy  of 
impact,  displacement  of  circles  to  the  right  for  explosive  -1  is  small  and  it  is 
accoapenied  by  an  inslgrdf leant  increase  of  u  in  instruments  No.  2  and  1  and  greater 
in  instrument  No.  3c. 

Fig.  5  depicts  only  a  general  qualitative  dependence  of  u  on  fluidity  of  the 
charge,  design  of  the  instruaent  and  energy  of  impact.  In  reality,  the  influence 

iFor  determinatiorTof  the  magnitude  of  stresses  it  is  necessary  to  drop  a 
perpendicular  to  axis  P  iVom  the  center  of  the  circle. 

2with  the  exception  of  a  circle  corresponding  to  the  stresses  in  instnment  No. 
3a.  In  the  latter,  the  magnitude  of  atmssee  considerably  does  not  depend  on 
fluidity  of  the  explosive. 
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of  Mparatv  factoz^  on  aagnltude  u  is  significantly  coiaplex.  In  psrticuXsr, 
aajdJBun  aagnituds  u  consi-^srsbly  depends  on  the  degree  of  nonuniforaity  of  the 
physical  properties  of  the  charge  and  on  accidental  deviations  (see  Pig.  3)* 

With  the  help  of  Pig.  5  it  is  possible,  hfn«ver,  to  explain  the  role  of  stres¬ 
ses  during  flow  of  the  charge  and  a  nunber  of  phenooena,  that  take  place  in  drop- 
haaner  impact.  Allowing  that  the  freqiMncy  of  explosion  is  a  direct  dependence  <m 
u,  it  is  easy  to  explain  the  rests  of  drop-hammer  Impact  tests  (see  Table  1  and  3), 
which  is  impossible  to  witness,  being  directed  by  conventional  presentations  about 
the  mechanism  of  impact.  Por  example,  considering  that  fluidity  of  trotyl  and 
tetryl  (see  Table  l)  corresponds  to  tne  fluidity  of  explosive  -2  (see  Pig.  5)  ,  it 
is  easy  to  explain  the  ineensitity  of  these  explosives  in  instrument  No.  2.  The 
assumption  that  the  fluidity  of  lead  etyphnate,  pyroxylin,  mixture  of  hexogene  and 
aluminum  powder  and  other  explosives  (see  i&WAJv  X  msTiCi  j  /  cox'responds  to  the  fluidity 
of  explosive  -3,  explains  the  lower  sensitivity  of  these  explosives  in  instrument 
No.  1  as  compared  to  the  sensitivity  in  instrument  No.  2. 

Thus,  the  varioua  sensitivity  of  explosives  in  instruMnts  No.  1  and  2  is  ex¬ 
plained  by  the  different  speed  of  energy  release  in  the  deformation  of  charges  in 
these  instinamnts,  and  not  the  scholastic  "selective  sensitivity  of  explosives  to 
impact  and  to  friction",  as  this  is  presented  by  certain  investigators. 

General  Conclusions 

1.  By  experimental  means  it  was  established  that  in  cases  of  low  speed  of 
flow  of  a  charge,  an  explosion  is  not  triggered  even  with  very  large  stresses.  On 
the  basis  of  this  it  is  possible  to  consider  that  triggering  an  explMion  is 
conditioned  by  the  flow  of  the  charge. 

2.  The  effectiveness  of  the  action  of  mechanical  forces  during  flow  of  the 
charge  is  determined  by  the  specific  speed  of  separation  of  mechanical  energy,  which 
depends  on  the  coe/ficient  of  internal  (and  external)  friction  and  the  gradient  of 
speed  of  flow. 


9^ 


3.  With  a  ooR8t4mt  Brnrsf  of  impact,  tb«  atrUnai  spaad  of  aiwrgjr  ralaaaa 
takas!  plaoo  at  a  eartain  optiaiai  Mcnituda  of  atraaaaa,  which  is  poasibla  to  attain 
bj  Mans  of  application  of  a  eorrasponding  dasign  of  tha  instrcncnt. 

4.  Tha  wida-apraad  prasantations  on  tha  critical  atraaaas  of  asqsloaivaa 
contradict  axparianca  and,  oonsaquantljr,  ara  arronaous.  Baaad  on  ti^aa  arronaous 

paraaantations,  tha  investigations  of  stability  of  a  charge  upon  firing  appeared 

therefore  barren. 

5.  Tha  concept  of  "salactiva"  sensitivity  of  axploaivas  "to  i^)act"  and 
"to  friction"  is  arronaous,  since  triggering  of  an  axploaion  is  datarsidnad  by  tha 
flow  of  th^  charge,  idiich  ia  character iiad  by  tha  frictiort  coefficient  and  tha 
gradient  of  spaed  of  flow. 

6.  Srronaous  also  is  tha  concept  of  tha  fact  that  instruBcnt  No.  1 
characterises  sensitivity  "to  i^Mtct",  but  instruaent  No.  2  —  "to  friction". 

Svary  possible  naans  of  aechanical  influence  (independent  of  the  design  of  the 
instruaent)  can  characterise  sensitivity  only  at  flow  of  the  charge.  However,  the 
coefficient  of  fi*iction  and  gradient  of  speed  of  flow  can  strongly  change,  depending 
upon  the  naans  of  aschanical  influence. 

7.  The  presentation  about  the  fact  that  relative  sensitivity  in  instruaent 
No.  1  is  the  most  reliable  criterion  of  relative  "stability"  and  safety  of  the 
charge  is  erroneous  and  obstructs  the  developeent  of  aeans  of  studying  the 
sensitivity  of  explosives. 
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F.  Bouden 

2.  Recent  Inreetliatioiie  of  Dec<Mg)oeltion  of  Hard  Exploeivea  (W^) 
Explosion  of  hard  V7  can  be  caused  bj: 

Heating  to  tes^rature  of  ignition; 

Light  of  sufficient  intensit/; 

Ispact  or  shock; 

Ultrasonic  oscillations; 

Action  of  electronsi  a  -particles^  neutrons  and  fraipMnts  of  nuclear  fission 

Electric  discharge; 

instant ane  ous/ 

"Spontaneous"/  Hecoa^ositiai  as  of  growing  crystal. 

In  this  report  questions  are  considered,  referring  to  triggering  of  an  explo- 
sim  of  hard  W  by  the  three  first  fonts  of  influence. 

Triggering  of  Explosion  by  Heating 

The  investigators  of  the  laboratory  of  CaBbridge  University  follow,  as  >«11 

as  scientist  of  the  USSR,  the  view  that  an  explosion  most  frequently  appeaurs  from 

a  heat-up  of  explosive.  The  condition  of  its  appearance  is  a  heat  liberation  with 

speed,  exceeding  its  elimination  speed.  The  theory  of  this  c(mq>licated  phenomenon 

was  developed  in  the  USSR  by  D.  A.  Frank- Kamenetskiy.  According  to  investigations, 

conducted  at  Cambridge  University,  during  a  heat-up  of  several  microseconds,  the 

-3  -5 

dimension  of  the  heated  region  is  within  the  limits  10  —  10  '  cm. 


1.  This  article  is  an  account  of  a  report,  read  by  Prof.  F.  Bouden  of  Cambridge 
University  to  the  Mendeleyev  Moscow  Chsmico-Technological  Institute  in  Jferch  1959. 
The  article  is  prepared  for  publication  by  B.  N.  Kondrikovyi. 


It  is  possible  to  show  in  a  siaple  example  that  for  the  appearance  of  an  ex¬ 
plosion  it  is  necessary  that  the  characteristic  dimension  of  crystal  be  not  lov»er 
than  a  certain  critical  ma^riitude.  If  ws  place  crystals  of  azide  of  cadmium  in  a 

thermostat,  having  a  tenqierature  of  320°,  then  only  crystals  with  a  thickness  of 
exploded,  crystals  thinner  than  10-5  cm  are  / 

10“^  cm  .are/deccnposed  vdthout  explosion.  Critical  thickness  of  crystal  depends 

on  temperatuire,  as  this  also  follows  from  the  Frank-Kamenetskiy  theory. 

Thermal  decomposition  of  crystals  of  W  was  also  studied,  occurring  lower  than 

a  temperature  of  self -ignition.  For  this  purpose  an  electron  microscope  was  appli- 

o 

ed  with  a  high  resolving  power,  which  attained  5A,  under  laboratory  conditions. 

This  is  almost  an  atomic  dimension.  Prof.  Msnter  attainted  to  detect  with  the  help 
of  an  electron  microscope  the  molecules  in  crystal.  He  investigated  under  the 
microscope  a  crystal  of  phthalocyanin  of  platinum  and  received  the  picture,  pre¬ 
sented  in  Fig.  1.  The  streaks  are  rows  of  molecules,  from  which  the  crystal  is 

o 

built,  the  distance  between  them  12A.  It  is  clear  that  in  one  region  the  crystal 
is  complete. 


F'**?.  1.  Electron  photomicrography  of  crystal  phthalocyanin  of  platinum.  Magnified 
approximately  1  million  times  j  rows  of  molecules  are  noticeable  in  crystal;  distance 
between  atomic  planes  11.  92).  a)  A  section  of  crystal  surface  without  defects, 
b)  A  section  of  surface  with  dislocation. 

In  other  regions,  however,  it  is  possible  to  detect  much  different  dislocations. 

We  consider  that  chemical  transformation  appears  preferably  on  dislocations. 


Gryvtal  tf  utidt  of  sllTvr  under  InTeetlgation  in  electron  nicroecope  (Fig.  2 
and  3)  is  decoapoeed  ae  a  result  of  heat-up  its  electron  flow.  On  the  surface 
of  the  crystal,  on  iMch  the  decca^position  chiefly  occurs  lio^  of  silver  will 
evolve.  In  Fig.  2  the  nuclei  are  noticeably  weak.  In  Fig.  3a  dimension  of  nuclei 
changed  insignificantly,  but  the  contrast  is  very  noticeable.  On  the  enlarged 
photograph  (Fig.  36)  the  nuclei  and  silver,  lattice  are  noticeable. 

Fig.  4  depicts  ths  Laue  diffraction  pattern  of  ciystal  of  azide  of  silver, 
decooiposod  under  acti(m  of  electron  flow  of  an  electron  diffracticxial  chamber.  In 
Fig.  4a  is  shown  the  electrongram  of  crystal  of  azide  at  the  beginning  of  the  ex¬ 
periment.  Already  at  this  stage  it  is  possible  to  see  that  the  azide  began  to  be 
decomposed.  In  Fig.  4b  relative  intensities  of  spots  changed  eonswhat.  The  change 

of  intensity  is  even  more  clearly  noticeable  in  Fig.  4c.  Certain  spots  here  are 

very  bright,  but  their  position  as  yet  does  not  change.  Intensity  of  rings, 
characteristic  for  electrongi'ams  of  metallic  silver,  increases. 

One  should  note  that  the  distance  between  atcms  of  silver  in  azide  is  approxi¬ 
mately  twice  as  great  as  in  silver  itself,  for  which  reason  according  to  the  degree 

of  decomposition  of  azide,  the  atoms  of  silver  converge.  After  removal  of  an 
nitrogen  (Fig.  4e)  they  occupy  the  normal  positions  peculiar  to  metallic  silver. 

The  electron  microscope  together  with  electron — diffraction  examinations  in 
our  opinion  is  a  very  important  tool  for  the  study  of  crystal  deccmpositicm. 


Fig.  2.  Electron  photomicrography  of  crystal  of  azide  of  silver  at  the  beginning 
of  decomposition,  at  the  mcansHt,  corresponding  to  Fig.  4a. 


The  electron  beam  here  sijnultaneously  results  in  decompositicfn  of  crystal  by  strong¬ 
ly  heating  it  and  allows  us  to  track  the  progress  of  this  decomposition  (see  Fig.  5)* 
In  a  number  of  cases  such  a  combination  can  tjrcve  to  be  inconvenient.  Therefore 
for  the  investigation  of  crystal  decomposition  ,  we  also  \xsed  a  grating  electron 
microscope,  in  which  an  electron  beam,  reflected  from  the  surface  of  crystal,  runs 
around  it,  similarly  as  this  occurs  in  kinescopes.  In  this  case  the  capacity  of 
the  beam  is  insufficient  to  heat  to  crystal  and  cause  de  imposition.  This  construe — 
tion  was  developed  in  Cambridge  by  Smith  and  Whetley.  Fig.  6  depicts  a  needle  of 
azide  of  silver  with  a  thickness  of  nearly  1  micron  on  a  heated  silver  plate.  De¬ 
composition  begins  in  the  defects  of  the  crystal  lattice  from  the  end  of  the  needle, 
that  has  good  contact  with  the  plate.  As  a  result  the  crystal  is  crushed  into  small 
fragments,  the  dimension  of  vriiich  does  not  exceed  0.3  micron.  Finally  the  whole 
crystal  is  turned  into  a  multitude  of  angular  lumps  or  small  knots  of  silver  (Fig. 

7). 

Cracking  and  splitting  of  crystals  on  heating  is  observed  also  in  the  case  of 
other  W.  Fig.  8  depicts  a  crystal  of  azide  of  cadmium  before  (a)  and  after  heat¬ 
ing  at  317°  (b) .  It  is  clear  that  on  heating  the  crystal  is  cracked  and  is  broken 
along  crystallographic  planes. 


Fig.  3.  Electron  photomicrography  of  crystal  of  azide  of  silver,  represented  in 
Fig.  2  at  the  moment,  corresponding  to  Fig.  4d. 


Fig.  4«  Decomposltidh  of  azide  of 
silver  by  electrtaa  flow.  (Electrongram 
of  crystal  of  azide  of  silver  at 
different  stages  of  decomposition). 


In  our  opinion,  which  agrees  with  the  ideas  expressed  recently  by  Prof,  K.  K. 
Andreyevi,  the  splitting  of  crystal  on  heating  has  a  great  value  for  the  develop¬ 
ment  of  explosion  in  it.  Fig.  9a  depicts  a  crystal  of  TEN,  subjected  to  the  action 
of  a  powerful  source  of  light  and  in  Fig,  9b  the  same  crystal  before  illumination. 
Explosion  under  this  action  does  not  occur,  but  the  vrtiole  crystal  is  covered  with 
a  multitude  of  cracks.  Therefore  we  conclude  that  deccmpositon  of  crystals  of 
W  starts  from  the  surface  in  dislocations  and  defects  of  the  crystal  lattice  and 
leads  to  the  splitting  of  the  crystal  into  tiny  fragments. 


Fig.  5.  Electron  photomicrography  of  cryetal  of  nitrate  of  potassium,  fused  under 
the  action  of  electron  beam. 


Fig.  6.  Partially  decanposed  needle  Fig.  7.  A  needle  of  azide  of  silver, 
of  azide  of  silver.  destroyed  as  a  result  of  decomposition 

and  crystallographic  phase  transition  at 


Fig.  8.  A  crystal  of  azide  of  cadmium  before  (a)  and  after  (b)  heating  at  317® 
(magnified  440  tin^s). 


Fig,  9.  Decomposition  and  cracking  of  a  single  crystal  of  TEN  subjected  to  a  pulse 
of  light  (energy  900  joule,  duration  1.2  millisecond) .  a)  Crystal  after  action  of 
light  pulse,  b)  Initial  form  of  crystal. 

Triggering  Explosion  by  light 

A  whole  series  of  worico,  conducted  in  Switzerland  and  Cambridge,  shows  that 
crystals  of  W  can  be  decomposed  under  the  action  of  light.  If  the  intensity  of 
the  light  8o\irce  is  sufficiently  great,  then  seme  of  the  especially  sensitive 
conpotinds  are  exploded.  Secondary  crystals  of  W,  basically  covalent  organic  com¬ 
pounds,  are  not  exploded  even  at  energy  of  2000  joule. 

This  form  of  triggering  of  explosive  transformation  is  of  interest  in  parti¬ 
cular  because  dtiring  a  short  period  of  illumination  (in  our  axperimmit  it  was  about 
1  millisecond)  light  is  absorbed  by  a  thin  superficial  layer,  in  which  decomposi¬ 
tion  begins;  deeper  layers  are  not  involved  by  the  action  of  light,  as  a  result 
of  which  we  can  avoid  many  complications,  accompanying  the  triggering  of  an  explo¬ 
sion  by  heat  or  impact. 


Fig.  10.  QUgran  of  InatAUAtion  for  inveetigatlcn  of  triggorijig  explosion 
light.  1)  Pulse  tube,  2)  Spoon  with  W,  3)  Holder,  Ch  diagram  di¬ 
mensions  of  the  cell  of  the  actinosieter  and  its  location  (dotted  line),  are 
shown,  a)  To  McLeod  manosMter,  b)  Cell  with  depth  of  6  n&. 

Certain  results  of  works  based  on  the  action  of  light  on  crystals  of  W  can 

be  used  when  examining  the  questions,  connected  with  propagation  of  explosion  and 

detonational  phenomena. 

Only  a  few  substances  are  studied  more  or  less  in  detail.  They  include  azide 
of  silver,  azide  of  thallium,  silver  nitride,  nitrogen  iodide  and  lead  styphnate. 
In  the  most  detail  was  investigated  azide  of  silver. 

A  diagram  of  the  installation  for  investigation  of  the  triggering  of  an  ex¬ 
plosion  by  light  is  presented  in  Fig.  10.  The  experiment  shows  that  to  trigger  an 
explosion  a  certain  critical  quantity  of  radiant  energy  is  required.  Apparently, 
the  process  of  triggering  is  photochemical:  an  ion  of  azide  xmder  the  action  of 
light  is  turned  into  a  radical  of  If  two  radicals  meet,  then  strong  exother¬ 
mal  reaction  occurs: 

2N3-^  3N2  +  210  kilocalorie 

So  that  this  reaction  may  occur,  in  the  first  place,  it  is  necessary  to  obtain  two 


azide  radicals  ax»d,  secondly,  they  must  meet. 

If  into  W  we  mix  particles  of  metal,  then  these  particles  can  act  as  traps  of 


•lietrons  end  idll  rtaoY*  •Itctrons  frea  an  ion  of  N3,  tranaforBing/into  a  radical. 
Tha  affaet  of  that#  partielaa  on  tha  Mfnituda  of  tha  critical  anarcr  of  a  light 


Fig.  11.  Incraase  of  sansitirity  of  asida  of  silvar  to  li|^t  -with  tha  addition  of 
gold  particlas.  1)  Sansitivltj  of  asida  with  inart  diluant  (calculation),  2)  Its 
aansitivity  based  on  results  of  axpariaants  with  addition  of  gold,  is  the  criti¬ 
cal  voltage  on  facing  of  capacitor  in  kv.  (Light  pulse  is  the  spark  in  the  air 
from  two  .jiitad  parallel  capacitors  with  a  capacity  of  3  aicrofarad  each) .  a )  7^ 
is  tha  square  of  critical  Tolt4[^  in  kv;  b)  Contents  of  gold  in  adxtura  with  aside 
in  ^  of  weight. 

Indeed,  tha  addition  of  gold  loware  critical  energy,  instead  of  increasing  it  owing 
to  the  dilution  of  the  substance,  ae  can  be  seen  fron  coaparison  of  ciurves  I  and  2 
Fig.  U. 

Vlis  will  note  also  that  explosion  of  asides  under  action  of  light  is  frequently 
acconpanied  by  salting  of  the  surface  layer;  naturally  the  transforaatiem  of  an 
ion  into  a  radical  and  the  exothemal  interactiwi  of  two  nxiicals  occurs  much  fast¬ 
er  and  easier  in  the  liquid  than  in  the  solid  phase. 

In  the  case  of  covalent  asides  and  astalorganic  conpounds,  for  exasple,  lead 
styphsate,  the  priaary  process,  apparently,  is  not  a  photocheedcal  rsaction.  Radi¬ 
ant  energy  in  the  final  analysis  transforas  to  theraal,  and  the  explosion  is 
developed  by  normal  thermal  mechanism.  The  decompoeition  of  euch  compounds  fre¬ 
quently  occurs  from  the  radical  machanisa. 

If  we  consider  a  series  of  ionic  inorganic  asides  —  KN^,  Tlh^,  AgK3,  CuN„, 
we  will  discover  that  the  stability  in  i*elation  to  the  action  of  heat  arid  light 
decreases  from  the  first  to  the  last.  KN^  is  a  relatively  stable  solid  substance, 
while  AgK^  is  easily  deoos^osed  and  under  certain  c<mditicma  explodes  and  detonates. 
The  difference  of  ionisation  potential  of  metal  affinity  to  ths  electron  of  the 
aside  radical  in  this  eeriee  increases.  It  ms  shmsi  that  certain  phyeical  proper- 


cl]ange  in  a  parallel, manner,/ 

ChiKigi  of  structure,  absorption  spectrum,  photoelectric  conductance,  refrac¬ 
tion  ixKiex,  and  aelting  poinc  indicate  that  during  an  increase  of  the  ionization 
potential  of  netal  a  deflection  froo  an  ionic  type  of  lattice  occurs.  It  is  pobsi- 
ble  to  show  also  that  the  energy,  necessary  to  excite  an  electron  and  to  transfer 
it  from  a  strip. of  the  valence  to  a  strip  of  conductance,  decreases;  this  deteraines 
the  decoipoaition  rate  of  azides  of  heavy  metals  (TIN3,  AgN^  and  CUK3)  and  partial — 
ly  explains  their  instability. 

TriggerLng  of  Erplogion  by  Impact.  As  a  rule  triggering  of  explosion  by  impact  is 
based  on  the  process  of  heat-up  of  a  substance.  This  heat-up  can  appear  in  differ¬ 
ent  ways: 

Adiabatic  ccmpression  of  gas  pockets; 

Heat-up  during  friction  betwson  surfaces,  limiting  the  charge,  or  between  the 
hard  particles  in  it; 

Friction  between  small  crystals  of  the  W  itself; 

Viscosity  heat-up  of  at  high  speeds  of  movement; 

Heating  of  a  sharp  shock  dxiring  plastic  deformation; 

Interaction  of  weak  shock  waves. 

Vfe  will  consider  only  some  of  these  ways. 

The  moat  dangerous  factor  with  respect  to  triggering  of  explosion  on  impact 

is  the  presence  in  liquids  and  also  in  certain  solid  Ws  of  a  small  quantity  of 

air  in  the  form  of  small  bubbles.  If,  in  order  to  trigger  Sbi  explosion  of  nitro— 

S  6 

glycerine,  freed  from  air  bubbles,  energy  is  necessary  of  the  order  of  10^—10 
g-cm,  than  with  small  bubbles  0.1  mm  in  di.uneter  an  impact  with  the  energy  of 
20-100  g-cm  is  sufficient  to  trigger  an  explosion. 

|he  air,  in  the  bubbles,  can  bo  replaced  by  any  other  gas  under  the  energy  of 
-.he  Impact,  necossary  to  trigger  the  explosion.  It  will  be  changed  apparently,  to 

the  extent  of  the  change  of  ratio  of  the  heat  capaeities  of  this  gas  at  constant 

i;r08adr®  and  cpnatajit  volume 


5:- 


The  presence  in  a  liquid  explMiTe  of  air  bubbleo  proMotee  triggering  of 
explosion  by  shock  mve.  Interesting  experlMnts  were  conducted  recently  by 
Winning.  He  ex^loderl  a  charge  of  nitroglycerine  (see  Fig.  12)  alongside  pipe, 
containing  nitroglycerin  (see  Fig.  12)  with  air  bubbles  introduced  into  it;  appar¬ 
ently  explo8i(xi  in  the  pipe  occurs  precisely  where  the  bubble  is. 

IXiring  friction  of  two  surfaces  with  W  between  them  the  seats  of  heat-up, 
also  are  causes  of  ignition.  Fig.  13  presents  an  oscillograa  obtained  when  trigg¬ 
ering  an  explosion  by  friction.  Explosion  appears  at  that  monent,  when  the  curve 
abruptly  descents.  (In  Fig.  13  this  mciaent  is  max^ccsi  by  vertical  line  A). 


Fig.  12.  Triggering  an  explosion  of  nitroglycerine  by  shock  wave  in  water  (after 
Winning),  a)  Pipe  with  nitroglycerine,  b)  Passive  charge  of  nitroglycerine  with 
small  air  bubble  in  Icwer  part,  (a)  azxl  (b)  -  systea  before  explosion  and  at  luaeiit 
of  its  explosion. 
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Fig,  13.  Recording  cat>od?  rp.: tll^»ra;h  of  tr.er-T.C/elsctromotive  force  with  a 
slider  of  constantan  moving  along  a  steel  siirface,  covered  with  a  layer  of  nitro 
glycerine.  On  the  left  is  the  scale  of  temperatures  in  ®C.  1)  Temperature  in  ® 

2)  Each  division  0.001  sec.;  3)  Time.  If  temperature  does  not  reach  400®,  then 
an  explosion  ia  not  observed. 

Interesting  also  is  the  experiment  concerning  the  triggering  of  an  explosio 
by  friction  in  the  presence  of  hard  particles.  We  detected  that  the  important 
property  of  such  a  particle  is  its  melting  temperature.  If  it  is  lower  than  50C 
then  the  explosion  does  not  occur. 

Table 

Triggered  Explosion  of  TEN  by  Friction  in  the  Presence  of  Inpurities 

(See  Table  On  Following  Page) 
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txoloeions^^;  5)  Without  inpuritiee;  6)  Anmonium  nitrate;  7)  Sulfa^  of  potassium; 
3)  Silver  nitrate;  9)  Bichromate  of  sodium;  10)  Sodium  acetate;  11)  _ 

nitrate:  12)  Bichromate;  13)  Silver  bromide;  14)  Uad  chloride;  15)  Silver  iodide; 
16)  Borax:  17)  Bismuthite;  18)  Glass;  19)  Rock  salt;  20)  Copper  glance;  21)  Lead 

glance :  22 )  Calcite 
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From  tht  abonra  table  It  le  clear  that  subatances,  possessing  different  hardnesses, 
but  with  near  oelting  teiqMratures  render  in  this  experiment  approximately  identi¬ 
cal  action. 


An  explosion  of  cyanurtriaaide  can  be  triggered  by  a  blow  with  a  metallic 
needle  on  the  anril,  on  vrtiich  it  is  located.  The  sharp  end  of  the  needle  during 
this  is  deformed  axxi  heated,  tdiile  the  explosion  occurs  at  a  temperature  of  about 
300® — 350®.  Fig.  14  presents  oscillograms,  obtained  in  the  experiment,  in  »diich  a 
striker  with  a  needle  of  tungsten  smashes  on  a  steel  anvil. 

At  an  impact  energy  of  1100  g-cm  (Fig.  i4a)  the  maximum  rise  of  temperature 
(250®)  is  Insufficient  to  cause  an  explosion  of  cyanurtriazide  with  an  initial  tem¬ 
perature  of  95®.  With  the  achievement  of  a  temperature  of  300° — 350®  Impact  energy 
of  3300  g-cm — Fig.  14b)  explosions  of  this  substance  occur  with  100^  frequency. 

In  conclusion  let  vis  consider  the  question  of  the  mutual  strengthening  of 
weak  shock  waves.  Fig.  15  presents  photographs,  obtained  in  the  winning  experiments 
on  triggering  an  explosion  of  nitroglycerine  by  shock  wave.  It  is  quite  clear  that 
two  or  three  shock  waves  from  active  charges  jointly  trigger  an  explosion  of  a  passive 


charge,  at  the  time  when  one  wave  cannot  trigger  it. 
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Fig.  14.  Recording  by  cathode  oscillograph  of  temperature  rise  on  impact  during 
flow  of  tungsten  needle  on  a  steel  anvil,  a— heat-up  to  250®,  no  explosion;  b — 
heat-up  to  300® — 350®,  frequency  of  explosions  100  %.  1)  Temperature  in  ®C;  2) 
Tims  in  m  sec. 


At  pressnt  at  Caabri,dge  Univarsitj  wox^  is  being  conducted  on  the  study  of 
exploeion  in  separate  crystal.  Those  precise  aethods^  >diich  %fere  related  at  tiM 
.beginning  of  this  report,  can  be  applied  during  the  study,  not  only  of  slow,  but 
I  also  of  instantaneous  processes .  This  is  a  very  interesting  area  of  the  investiga- 
>  tion,  since  in  one  and  the  sane  crystal  it  is  possible  to  observe  slow  deconposi- 
tion  and  transformation,  spreading  with  a  speed  of  7  km./sec.  It  is  very  interest¬ 
ing  to  establish  what  kind  of  conr»ctian  exists  between  slow  deccnposition  and 
rapid  processes.  The  further  improveaent  of  apparatus  and  methods  of  investigation 
could  introduce  a  real  contribution  in  the  development  of  this  interesting  area  in 
the  science  of  explosives. 


Fig.  15.  Generation  of  explosion  during  the  addition  of  shock  waves,  propogated 
in  water  (after  Winning).  A^,  A2,  A3,  A^ — passive  charges  of  nitroglycerine, 

B — active  charges,  a)  system  before  explosion,  b)  system  in  mooent  of  explosion, 
c)  system  in  moment  of  explosion  at  decrease-d  distances  between  active  and  passive 
charges . 


Discourse  On  The  Report  of  F,  Bouden 
E.  G.  Ledin 

The  works  of  Prof.  Bouden  are  recent;  they  are  directed  toward  studying  the 

mechanism  of  generating  an  explosion,  and  frcoi  this  point  of  view  his  report,  as  a 

book,  translated  into  Russian,  is  of  positive  interest.  Prof.  Bouden  related  to  us 

delicate  experimental  investigations  with  the  application  of  very  interesting 

methods,  allowing  the  study  of  explosion  in  its  most  initial  stage.  Those  investi- 
related  / 

gat ions, /by  Prof.  Bouden  and  the  published  monographs,  are  a  new  contribution  to 
the  theory  of  generating  an  explosion,  and  we  must  congratulate  Prof.  Bouden,  for 
presenting  this  new  work. 

With  a  positive  impression  frcci  the  book  and  report  it  is  impossible  not  to 
note  certain  peculiarities,  that  seem  to  me  very  essential.  Prof.  Bouden  defends 
the  assumptions  of  thermal  triggering  of  explosion.  The  essence  of  this  assump¬ 
tion  consists  in  the  fact  that  the  triggering  of  an  explosion  occurs  only  after  the 
explosive  obtains  sufficient  temperature.  The  assumption  based  on  thermal  theory, 
assumes  the  transition  frcsn  mechanical  effect  on  W  to  chemical  reaction  through 
heat-up,  which  according  to  this  theory  should  precede  the  process  of  decomposition. 
This  basic  assximption  is,  in  my  opinion,  the  weak  spot  in  the  theory.  Indirect 
ways  in  nature  are  not  certain.  Between  the  generation  of  an  explosion  and  its 
continuation  there  should  not  be  a  break,  otherwise  it  is  difficult  to  correctly 
explain  the  process  of  decomposition;  on  the  other  hand  it  is  difficult  to  imag¬ 
ine  the  universality  of  a  temperature  of  500°,  which  is  the  condition  of  the  explo¬ 
sion,  and  not  its  result.  It  appears  as  if  a  W  waits,  until  it  heats  to  500°. 

Under  the  conditions  of  pressure,  interaction  between  charge  and  environment, 
occurs.  It  is  expressed  in  the  £*act  that  all  the  system  is  brought  to  a  state  of 
strain.  It  is  simply  proven  that  this  state  of  strain  results  in  a  cliange  not  only 
of  the  intracrystalline  state,  but  also  of  the  intramolecular.  An  internal  depend¬ 
ence  exists,  that  expresses  this  connection.  We  will  take  the  most  simple  example: 
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it  is  knowi  that  if  there  ie  the  siaple  bond  «  c**C  ^  $ 

/  \ 

if  howrfsr  there  is  double  bondA  ^  3^i5?l*A£;  with  the  triple 

bond  —  C  *  C  —  ee  have  I.2I.  When  atoae  of  carbon  ai^oach  each  other,  then 
Internal  bonds  appear  between  than  and  external  bonds  are  loot.  We  should  saj  that 
energy,  expended  on  a  change  of  distance  is  not  an  actifaticxi  energy  —  this  is 
^  binding  energy,  which  should  be  conaidered  separately’  and  iddch,  as  the  final  re¬ 
sult,  leads  to  decoiqposition.  The  taoperature  of  the  systan  will  hare  ralue;  it 
determines  its  sensitivity,  but  during  the  mechanical  effect  of  the  systma  it  will 
change  due  in  the  first  place,  to  a  change  of  intensity  and  stability  of  the  chemi¬ 
cal  bond.  It  ie  impoeeible  that  the  system,  being  loaded,  would  not  change  chemi- 
therefore 

cally,/its  teiqwrature  cannot  play  a  determining  role  in  the  generation  of  the 
explosion.  The  constancy  of  critical  temperature  (500^)  for  a  majority  of  sub- 
etancee  attests  to  the  fact  that  this  t«perature  ie  either  connected  with  methodo- 
•  logy,  because  it  is  neither  individual,  nor  with  the  process  of  propagation,  but  by 
no  means  with  the  generation  of  the  explosion. 

theory  the  breakdown  of  the  generation  of  an  exploeioi  is  as 
follows:  ini'luence — temperature — dec<mq)oeition  (I— T— D)j  another  more  probable 
mechanism  of  this  process  is:  influence—deeGBqposition--teiq)erature  (I — D — T). 
Temperature  is  the  result,  but  not  the  cause  of  the  generation  of  esqploeive  trans¬ 
formation. 


on 

Based/^rmal 


Kc  K.  Andreev 

It  is  known  that  under  an  impact  on  an  explosive  it  can  be  detonated.  The 
question,  how  mechanical  effect  causes  chemical  reaction  leading  to  exploeion,  is 
of  great  interest.  Investigations  of  Bridgeman,  Riabinin,  Bouden  and  other  in¬ 
vestigators  have  shown  that  even  very  high  pressures  during  static  applicatiwi  do 
not  cause  explosion  and  an  essential  acceleration  of  chemical  transformation.  It 
follows  from  this  that  those  stresses,  which  during  the  pressure  of  an  is^pact  are 


CMuttd  in  tht  tacplcnif »  Iqr  thasMlTts  do  not  oaum  tho  osqplotioa.  It  m»  natural 
tharaforo,  to  aMuat  that  in  djiMadc  ecuiditions  of  tha  tffaet  it  can  load  to  haat- 
upa  of  W)  frcM  iddch  ia  davalopad  tha  a^qiloeicm. 


In  what  mj9  oan  haat-upe  ganarata  In  tha  axploalTO  on  iapact?  Boudan  and  hia 

collaborators  bjr  nunaroua  ingenaous  axpariaanta  hata  shown  that,  at  least  in  tha 

can 

caaa  of  liquids,  tha  prasanca  In  V7  of  gas  bubblaa/lsad  to  a  graat  incraase  in  thair 
aanaltivity  on  impact;  axploeions  ganarata  with  ineon^arabljr  laai  iapact  than  thay 
do  in  tha  abaanea  of  bubblaa. 

Invaatigatora  glr#  a  natural  axplanation  for  this  obaarration  baaad  on  tha 

highest/ 

fact  that  bubblaa  of  airman  i^Act^  ara  yipiic^ly  c^cnQurtpaad^  ara/  haatad  up  and 
ignita  tha  axploaiva.  Tha  quaation  how  this  igaLting  is  acooaqplished  is  inpossibla, 
howavar,  to  conaidar  axplainad.  Apparantly,  hara  tha  aaaantial  rola  is  plajad  by 
tha  conditions  of  haat  exchanga  and  naas  tranafar  batwaan  tha  haatad  bubblaa  and 
tha  W  surrounding  it. 

It  is  known  that  if  wa  ignita  nitroglycarina  at  a  lowarad  prassuro  in  a  pipe 
with  diaaatar  3 — 4  m.  and,  while  conducting  tha  expariaent  in  an  enclosed  roluaa, 
wa  allow  the  pressure  to  be  increased,  then  at  300 — 400  an  of  aarcury  the  burning 
dies  out  due  to  agitation  of  the  liquid,  that  so  strongly  cools  the  gases  that 
btirning  cannot  ba  propagated.  The  increased  inflow  of  nitroglycerine  into  the  zona 
of  biu*ning  extingui.shes/  Under  greater  pressures  the  saaa  phenoawnon  may  result 
not  inextinguishat'nt  but  in  the  generation  a  detonation,  and  under  a  further  in- 
ciAaae  of  pressxure  burning  can  be  observed  anew,  but  with  a  significantly  high 
speed.  Experiaents  of  the  Swedish  investigator  Johansson  have  shown  that  analog¬ 
ous  phenonena  are  observed,  when  liquid,  containing  gas  bubbles,  is  subjected  to 
iapact. 

Essential  are  the  further  conditions  of  the  process,  which  arc  reflected  in 
aass  transfer  and  transmission  of  heat  frem  heated  gas  in  TV  and  In  its  possible 
additioiAl  heat-up  as  a  result  of  friction.  Therefore  an  adiabatic  heat-up  of  the 


gM  bubblt  ia  not  ths  onl;r  factor,  that  datandnaa  tha  oatcoaa  of  tha  axpariaant. 

Fron  as^rlaanta,  ahoidng  an  abaan^  of  notioaabla  affaet  of  praaaura  on 
ganaration  of  tha  flaah,  it  la  iapoaaibla  to  eoneluda  that  thia  praaaura  cannot 
h&va  a  conaiderabla  influence  cm  tha  ganaration  and  propagation  of  an  axploaion 
on  iapact.  This  occurs  whether  tha  aaqilosiTS  raacticm  is  in  tha  form  of  burning, 
which  according  to  tha  imreatigationa  of  Boudan  uaualOy  occurs  in  tha  beginning,  or 
in  tha  form  of  axploaion  —  in  both  caaaa  prasaura  plays  a  rary  important  rola. 

Tha  critical  diamatar  or  dimension,  starting  from  which  tha  propa^tion  of  nqplo- 
siva  transformation  bacoass  possible,  depends  greatly  on  pressure.  A  sharp  lower¬ 
ing  of  pressure  during  burning,  as  a  rule,  leads  to  its  extinguishment.  Therefore 
tha  magnitude  of  pressure  and  the  duration  of  its  existence  are  important  factors 
in  tha  generation  and  development  of  an  exploaicn  on  iiq^act. 

Heat-up  of  gae  bubbles  Is  not  the  only  method  by  idiich  mechanical  energy  cm 
impact  can  change  into  heat.  Apparently,  ^lnder  conditions  of  an  i^mct  on  a  drop- 
hammer  and  in  many  other  cases,  the  flow  of  W  has  a  decisive  value  and  appear¬ 
ing  with  this,  the  local  heat-ups  due  to  internal  friction.  These  methods  of  gen¬ 
erating  an  explosion  were  studied  in  investigaticme  by  N.  A.  Xholevo,  showing  that 
In  many  cases  on  impact  an  esqjlosion  generates,  if  there  is  a  possibility  of  flow 
of  W,  and  it  does  not  occur  if  this  possibility  is  absent.  A  number  of  paradoxi¬ 
cal  phenomena  —  the  influence  of  inert  impurities,  the  Increasing  fluidity  and 
sensitivity  of  low-fluidity  W  and  the  decreasing  sensitivity  of  high-fluidity  W, 
the  dependence  of  rei^ults  of  impact  on  presence  of  a  groove  in  the  sleeve  of  the 
instrument,  the  Increuie  of  frequency  of  axploaion  with  a  lowering  of  temperat^ire 
and  other  phenomena  are  explained,  naturally  based  on  the  main  concept  of  N.  A. 
Kholevo  —  no  flow  of  eubetance,  no  explosion. 

Works  of  German  and  Swedish  inveettgatore  published  in  1958  lead  them  to 
conclusions  about  the  role  of  W  flow  during  the  triggering  of  an  explosion  by  Im- 

paet,  which  ton  years  earlier  jssro  made  by  N.  A.  Kholovo.  Apparently,  this  way  of 


generating  heat-up  on  impact  actually  is  the  most  important. 

The  investigations  of  Prof.  Bouden  on  the  burning  and  explosion  of  separate 
crystals  of  explosives  are  of  great  interest.  The  Jfeicroprocess  of  burning,  the 
rules  of  which  interest  us  directly,  represents  a  combination  of  processes  in 
senarato  crystals  in  combination  with  their  mutual  effect.  The  study  of  elementary 
processes  undoubtedly  will  help  us  understand  the  rules  of  macroprocess .  Especial¬ 
ly  interesting  is  the  spontaneous  splitt.-Jjig  of  crystals  observed  by  Bouden,  it 
occurs  even  during  their  slow  decomposition  and  undoubtedly  plays  an  essential  role 
in  the  burning  and  its  transition  iiito  explosion. 

Indeed  this  last  phenomenon  is  undoubtedly  combined  with  a  sharp  acceleration 
of  the  process.  Investigations  have  shown  that  pressure  by  itself  increases  the 
burning  rate  relatively  weakly.  Therefore,  the  most  probable  means  of  accelerat¬ 
ing,  of  gas  formation  and  pressure  increase  during  burning  is  to  increase  the  burn¬ 
ing  surface,  which  can  generate  as  a  result  intense  fragmentation  of  burning  parti¬ 
cles. 

A  study  of  the  ways  of  dispersion  is  one  of  the  very  interesting  probleais  of 
the  theory  of  explosion  and  we  trust  that  Prof.  Bouden's  investigations  in  the 
laboratory  will  introduce  in  the  futxire  much  that  is  new  into  this  question. 


MT  63*-25ii.  Chapter  1  Ai'ticle  3 
Pa^^es  yi  -  52 

I  K.  K.  Andreyev 

3.  Concerning  the  Question  of  Factors  StipuJating  the  Appearance  of  Explosion 
on  Trnpact  and  Friction  and  About  Methods  of  Appraisal  of  Sensitivity  of  Explosives  __ 
(W)  To  Mechanical  Effects 

On  factors  stipulating  appearance  of  explosion  on  impact  and  friction 

Explosion  of  W  can  be  caused  by  different  effects  —  in  particular  heating, 
impact  and  friction.  The  sensitivity  of  an  explosive  to  each  of  these  effects  is 
an  important  characteristic,  often  limiting  its  area  of  application  and  determining 
the  production  condition  of  the  W.  The  measures  of  the  sensitivity  of  a  W  to 
given  influences  are  obviously  defirdte  critical  indices  the  transition  through 
which  leads  to  explosion.  However  answering  the  question  of  just  what  kind  indices 
o^  one  or  another  influence  can  servt-  as  such  a  meas\rre  is  far  from  always  simple 
and  clear,  if  the  mechanism  of  excitation  of  explosion  is  unknown,  h'e  will  explain 
by  ihis  example.  It  was  possible  to  assume  that  sensitivity  to  thermal  influences 
is  characterized  by  a  certain  critical  temperature  for  a  given  Vvj^J,  similar  t.f.. 
the  melting  temperature.  The  theory  of  thermal  triggering  of  explosion,  applied 
also  in  principle  to  the  condensed  W,  showed,  however,  that  not  only  the  tempera¬ 
ture,  but  also  the  dimensions  of  a  heated  charge  determine  the  possibility  of  the 
triggering  of  an  explosive  transformation.  V/ith  a  full.er  description  of  the  phe¬ 
nomenon  it  is  necessary  to  consider  also  the  duration  of  heating,  since  for  many 
W  the  course  of  the  decomposition  reaction,  even  in  isothermal  conditions  is  self- 
accelerating.  In  experimental  determinations  for  one  and  the  same  W,  it  is  possible 
generally  speaking,  to  obtain  strongly  varying  values  of  flash  temperatura. 

The  cause  of  these  distinctions,  however,  can  be^  as  a  rule,  explained  on  the 
basis  of  the  above  shown  considerations;  if  they  are  taken  into  account  during  the 
setting  up  of  experiments,  then  the  value  of  the  flash  temperature  (and  also  its  de¬ 
lay)  is  sufficiently  well  reproduced  and  the  scattering  of  eaq^riawital  data  is  re- 


latively  aji&ll.  Therefore  the  characteristic  of  the  sensitivity  of  a  to  thomal 
influences  in  its  simplest  form( flash  temperature) , is  sufficiently  definite  in  mag¬ 
nitude  and  physiccJ.  concept-. 

Matters  are  considerably  different  regarding  sensitivity  to  mechanical  effects 

— in  particular  to  impact.  Results  of  experimental  determinations  in  their  usual 

expression  (frequency  of  exulosions  at  a  given  energy  of  impact)  differ  vary  strongly 

for  different  investigators  in  absolute  value;  vith  this  the  change  in  frequency — 

from  absence  of  explosions  to  absence  of  refusals — can  occur  in  a  vpry  significant 

range  of  variation  in  the  energy  of  the  impacts  commensurable  vdth  its  absolute 

value.  In  connection  vdth  this  even  in  strictly  controlled  laboratory  conditions 

the  determination  of  sensitivity  of  a  W  to  impact  is  built  on  the  statistical 

principle,  i.  e.,  on  the  determination  of  the  frequency  of  explosions,  although  it 

visualize/ 

would  have  been  possible  to/  ^ a  similar  flash-temperature  critical  height 

(energy)  or  other  critical  impact  parameter.  VJith  such  a  determination,  even  by 
one  and  the  same  investigator,  the  variation  in  the  results  of  a  parallel  series 
of  experiments  (usually  every  series  includes  25  experiments)  is  ordinarily  very 
significant;  this  is  observed  ^.n  spite  of  the  fact  that  the  conditions  of  the  ex¬ 
periment  which  supposedly  can  influence  the  results  are  maintained  constant  within 
the  limits  possible  to  the  experimenter. 

Such  a  relatively  lev;  definitiveness  of  the  sensitivity  of  a  W  impact  is 
stipulated,  apparently,  ry  a  series  of  causes.  One  of  these  causes  is  the  complex¬ 
ity  of  the  phenomena,  in  any  case  much  greater  than  in  thermal  excitation  of 
explosion  which  in  this  particular  form  is  only  one  of  stages  of  excitation 
of  explosion  by  impact.  The  complexity  of  the  phenomenon  is  reflected  in  the  fact 
x-hat  at  reports  stages  of  its  development  the  same  factors  can  sometimes  act  very 
differently,  favoring  one  stage  and  suppressing  another.  Depending  upon  conditions 
the  action  of  separate  factors  can,  besides  this,  change  not  only  in  magnitude, 
but  also  in  direction.  We  will  explain  this,  considering  the  development  of  ex- 
plosioti  on  impact  in  accordance  with  the  preseiitations  of  N.A.  Kholevo  (j^J. 


As  a  rule,  the  action  of  impact  in  exciting  an  explosion  leads  to  incomplete 
compression  of  the  explosive,  i)i  consequence  of  vdiich  a  fast  flow  of  the  W  arises. 

j  Owing  to  the  irregularity  t,he  flow  friction  appears  between  layers  of  the  explosive^ 

!  .  2 

'  and,  as  a  result  of  this,  local  heat-up  ,  strongest  in  zones  of  the  highest  grad- 

) 

ient  cf  speed  of  f].ow,  also  appears.  If  dimensions  and  temperature  of  the  seat  of 
the  heat-up  are  sufficiently  great,  then  i.gnition  and  burning  occur,  passing  with 
favorable  conditions  to  explosion.  Besides  the  dimensions  and  temperature  of  the 
seat,  pressure  also  can  affect  the  possibility  of  triggering  explosions;  the  higher 
the  pressiu’e  and  the  longer  it  is  maintained,  the  easier  is  tne  W  ignited; 
pressure  affects  also  the  transition  of  burning  to  explosion. 

One  of  the  sources  of  the  instability  of  experimental  conditions  and  results 
with  impact,  since  it  is  realized  on  drop  hammers, consists  in  the  possible  non¬ 
parallelism  of  the  colliding  surfaces  and  in  seme  misalignment  of  the  upper  roller, 
leading  to  differences  in  pressure  and  flow  speed  in  various  parts  of  the  charge. 
Besides  this  the  tablet  of  W  itself,  cannot  be  mechanically  wholly  uniform.  Ex¬ 
periments  with  inert  plastics  in  instrument  No.  2  shovired  that  during  impact  of 

a  drop  hammer  on  a  thin  cylindrical  tablet  form,  the  tablet  is  usually  distorted  in 
a  radial  direction,  i,  e,,  deformation  occurs  unevenly;  further  more,  the  transi¬ 
tion  from  heights  ao  which  the  dimensions  of  tablet  do  not  change  to  heights, 
where  deformation  is  observed  at  every  experiment  requires  a  significant — more  than 
twofold — increase  in  the  height  of  fall  of  the  load.  The  state  of  surface  of 
rollers  has  a  large  influence.  Even  in  laboratory  conditions,  where  the  degree  of 
mechanical  processing  and  of  surface  cleanliness  is  controlled  large  variations  in 

1  Appearance  of  heat-ups  is  possible  as  a  result  of  external  friction  be¬ 
tween  the  W  and  the  surface  along  which  it  is  transferred,  if  the  friction  between 
them  is  sufficiently  great.  The  friction  of  alien  refractories  and  hard  particles 
contained  in  the  W  with  each  other  or  on  the  surfaces  between  which  it  is  included, 
also  can  lead  to  local  heat-ups  and  explosion. 

2  The  fact  that  micro — ,  but  not  macro-  heat-ups  play  a  decisive  role  shows 
the  significant  influence  of  crystal  dimensions  on  th?  frequency  of  f  .plosions  of 
even  such  low-melting  W  as  nitroglycerine.  If  a  charge,  subjected  to  impact,  was 
melted  completely  and  then  detonated  in  liquid  form,  crystal  dimensions  could  show 
no  influence. 


frequency  of  explosions  ere  observed  during  tests  from  series  to  series  of 


experiments.  These  variations  clearly  surpass  the  possible  limit  of  accidental 
deflections  and  show  a  systematic  character. 

Experiments  with  artificial  application  of  small  layers  of  lubricant  on  the 
roller  surfaces  showed  that  frequency  of  explosions  of  hexogen  (in  instrument 
No.  2)  with  this  increases  by  tvro  or  more  times.  However  a  high  frequency  of 
explosions  was  also  observed  and  with  certain  methods  of  washing  the  rollers  with 
the  aim  of  removing  the  lubricant  from  them.  Apparently,  a  change  in  the  surface 
state  of  the  metal  has  an  influence  on  the  adhesional  durability  of  their  contact 
with  W.  This  in  its  turn  changes  the  velocity  profile  in  the  flowing  layers  of 
the  W,  tending  in  given  conditions  in  the  direction  of  increasing  the  possibility 
of  appearance  of  local  heat-ups. 

It  is  obvious  that  in  industrial  conditions  methods  of  the  purification  or 
processing  of  surfaces  touching  a  W  ensure  to  a  lesser  degree  the  stability  of 
its  state,  for  vmich  reason  large  variations  in  explosion  frequency  are  still 
possible . 

If  tests  are  conducted  in  instrument  No.  1,  it  is  conclusive  that  the  most 
strained  stage  of  deformation  is  the  flow  of  the  W  in  the  gap  between  the  roller 
and  sleeve.  The  magnitude  this  gap  can  change  by  two  times,  depending  upon 
whether  the  roller  occupies  a  central  position  in  the  sleeve  or  is  pressed  to  one 
of  the  sides. 

Thus  in  instrument  No.  2,  and  still  in  a  large  degree  in  No.  1,  the  first 
mechanical  stage  of  phencsnenon  proceeds  very  unsteadily.  This  variability  can 
be  strengthened  by  two  circumstances.  If  the  substance  has  a  relatively  low 
melting  temperature,  then  in  those  places  where  flow  starts;  local  melting  occurs; 
this  will  lead  to  a  sharp  increase  in  the  fluidity  of  the  W,  since  the  melt 


j 


i 

* 


■serves  in  its  own  way  as  a  by  lubricant^ »  Further,  we  asualiy  are  concerned  with 
substances  (powder  or  thickened  melt),  including  gas  (air)  bubbles  that  during 
|impact  are  compressed  and  serve  as  seats  of  temperature  increases  melting  and 
|local  strengthening  oC  the  flow  of  the  W^. 

I  Variations  in  the  temperature  and  dimensions  of  seats  of  heat-up  appearing 
!  at  impact  are  apparently,  one  of  the  main  causes  of  the  variability  of  test  results . 

I 

'  About  this  it  is  possible  to  juage  by  the  fact  that  during  homogeneous  heat-ups, 
i  the  values  of  the  characteristics  of  the  triggering  of  explosions  (temperature  or 
delay  of  flash)  are  subject  to  much  smaller  variations. 

1  In  the  triggering  of  an  explosion  by  impact,  the  variability  of  the  conditions 

i 

j  in  the  first  place,  pressure  also  acts  on  the  development  of  the  focus  of  ignition, 

I 

.  Whether  the  heat-ups  appearing  at  a  given  temperature  can  cause  explosive  trans- 

j  Q 

I  formation,  depends  in  many  respects  on  the  dimensions  of  the  seat"^.  In  large 

! 

j  seats,  other  conditons  being  equal,  this  transformation  is  developed  more  easily 

j 

I  than  in  small  ones,  owing  to  the  general  cause  that  generation  of  energy  of  a 

t 

I  reaction,  ensuring  the  propagation  of  the  latter,  occurs  in  a  volume  proportional 
;  to  the  cube  of  the  linear  dimension  of  the  seat  of  heat-up  and  heat  loss-through 
*  the  surface  and  proportional  to  its  squfire. 


1  Fusion  can  set  in  also  in  the  stage  of  decreasing  pressure  during  impact. 

It  is  known  that  with  an  increase  in  pressure,  melting  temperature  is  increased. 
Therefore,  if  dislocation  of  layers  of  the  W  starts  at  very  large  pressures,  then 
at  first,  in  spite  of  the  increase  of  temperature,  the  W  >dll  be  in  the  solid 
state.  With  a  decrease  in  the  impact  pressure,  the  melting  temperature  is  lowered, 
fusion  sets  in,  and  the  flow  is  strengthened  correspondingly, 

2  On  the  role  of  gas  pockets  in  W  and  of  air  entrapped  durirg  impact,  see 
also  pp.  36,  99  of  this  work, 

3  It  is  known  that  in  the  usual  conditions  of  the  triggering  of  flash  of  a 
W  by  heating,  it  occurs  with  a  significant  delay,  stipulated  by  the  chemical 
development  of  the  self -accelerated  exothermal  transformation.  With  those  high 
temperature  and  transient  heat-ups,  appearing  during  impact,  chemical  development 
of  reaction  hardly  succeeds  to  proceed  to  a  significant  degree  and  this  side  of 
phenomenon  does  not  attain  an  essential  value. 


The  number  of  heat-up  seats  appearing  depends  on  the  homogeneity  of  the  actual 
W,  as  do  the  conditions  of  its  flow.  In  a  very  unifom  W,  even  chemically  highly 
reactive,  a  case  is  possible  when  with  a  relatively  weak  effect  a  large  number  of 
small,  partially  developed  heat-up  seats  appear,  whereas  with  significant  mech¬ 
anical  heterogeneity  of  the  explosive  and  at  a  given  speed  of  energy  absorption, 
large  self -developing  seats  are  generated  more  easily,  that  is,  with  greater 
probability. 

Since  the  homogeneity  of  substance  is  never  full  or  identical,  this  also 
constitutes  a  source  of  variability,  absent  at  least  in  such  a  sharp  degree. 

During  the  excitation  of  an  explosive  transformation  by  an  even  heat-up,  when  the 
condition  of  disturbance  of  equilibrium  between  heat-imput  and  heat-output  obtains 
for  the  entire  volimie  of  the 

As  the  second  stage  one  should  consider  the  appearance  and  development  of 
burriing  in  at  least  one  of  th-^  seats  of  heat-un.  Frequently  this  stage  is  dis¬ 
cussed  from  the  position  of  the  theory  of  thermal  explosion.  This  is  hardly  the 
most  successful  and  exhausting  variant  of  approach  to  the  given  phenomenon. 

In  the  theory  of  thermal  explosion  one  usually  considers  a  certain  charge 
having  definite  dimensions  and  temperature,  and  it  is  established  at  which  mutually 
connected  values  of  these  pjarameters  the  heat  input  becomes  larger  than  the  heat 
output.  Without  even  mentioning  that  during  impact  the  especially  difficult  to 
a  define  form  and  aimensions  of  the  seat  of  the  heat-up  ana  also  the  distribuoion 
of  cemperature  in  it  are  completely  undetermined,  their  interconnection  can  be 
conside’auly  different  than  that  which  takes  place  during  the  usual  thermal  ex¬ 
plosion.  In  the  theory  of  thermal  explosion,  the  speed  of  heat  release  is  ex¬ 
pressed  in  iepeudence  upon  temperature  by  the  relationship 


where  is  the  thermal  effect  of  Lhe  transformation  of  a  imit  of  volume  of  W 
into  its  products,  which  are  obtained  during  a  low-temperature  reaction  of  dis¬ 
integration,  and  the  remaining  letters  have  their  usual  value.  As  is  known,  with 
this  reaction  an  organic  W  will  usually  release  only  part  of  its  potential  energy. 
Uwier  the  conditions  of  impact  Qq  is  not  constant,  but  can  noticeably,  and  some¬ 
times  sharply,  depend  on  pressure  and  temperature,  increasing  with  then  at  the 
expense  of  the  passage  of  the  transformation ^reactions  of  the  W  to  a  completion. 

Further,  in  those  explosives  in  which  the  main  part  of  the  thermal  effect 

gives  a  reaction  in  the  gas  phase,  the  burning  rate  strongly  depends  on  pressure; 

in  this  case  the  developnent  of  the  seat  of  the  heat-up  here  is  implied  a  heat-up 
bringing/  that/ 

/ uie  W  to  /  state  of  transformation,  which  occurs  in  the  gas  phase  with 
speed  depending  on  the  pressure  is  determined  in  significant  measure  by 
pressure.  Iif  the  theory  of  thennal  explosion  of  a  condensed  W,  the  effect  of 
pressure  usually  is  not  taken  into  account,  on  the  known  basis  that  since,  for 
example,  the  flash  temperature  is  almost  independent  of  pressure  It  is 

possible,  therefore,  to  considei  a  thennal  explosion  only  as  a  possible  initial 
stage  of  a  chemical  transformation  on  impact,  especially  if  the  heat-ups  are 
weak.  The  triggering  of  burning  on  impact  is  very  correctly  interpreted  from 
the  positions'  contemporary  proposals  on  the  ignititon  of  W,  according  to  vrtiich 
a  condition  of  stable  burning  is  the  equality  of  thermal  flows  frcm  combusti<»i 
products  to  a  heated  layer,  moving  with  the  burning  rate,  and  from  the  heated 
layer  to  unreacted  substance. 

Let  us  remember  that  parallelism  is  not  observed  between  impact  sensitivity 


ard  flash  temperature,  which  in  essence  is  itself  a  thermal  explosion,  oiiLy  in 
known  measiir*  to  complicated  chemical  development  of  reaction.  At  the  same 
time  such  parallelism  exists  in  reference  to  inflammability,  especially  if  the 


latter  is  taken  at  increased  pressui*es,  corresponding  tc  ccr^xtions  of  the  trigger¬ 
ing  of  explosion  on  impact. 

There  is  still  another  essential  argument  against  the  usual  treatment  of 
the  triggering  of  an  explosion  on  impact  as  a  thermal  explosion,  at  least  for 
secondary  W.  The  critical  diameter  for  burning  of  these  substances  at  atmos¬ 
pheric  presstire  is  many  times  greater  than  the  thickness  of  the  layer  of  W  used 
in  sensitivity  tests.  Therefore  even  if  there  appeared  a  thermal  explosion  with 
the  maximum  dimension  of  the  seat  equal  to  the  thickness  of  the  W  layer,  and 
with  a  maximum  temperature  equal  to  that  of  burning,  still  would  not  lead  to 
ignition  at  atmospheric  pressure.  It  is  necessary  in  connection  with  this  to 
consider  the  effect  of  pressure,  as  does  the  theory  of  ignition. 

Inciaentially  the  consideration  of  the  triggering  of  ari  explosion  on 
impact  from  positions  of  inflammability  gives  a  natural  and  simple  explanation 
of  cases  of  so-called  incomplete  explosions  frequently  observed  during  experi¬ 
ments;  these  cases  usually  represent  damping  due  to  pressure  drop  or  failure 
of  burning  to  develop.  This  explanation,  in  reference  to  the  second  case,  is 
easy  to  illustrdte  by  the  following  simple  experiment.  If  one  touches  a  charge 
of  powder  with  an  incandescent  wire  and  quickly  removes  it,  the  charge  will  flash 
at  the  point  of  contact,  but  wil].  not  ignite;  the  seat  of  thermal  explosion 
created  by  the  wire  is  too  small  to  heat-up  a  layer  of  the  thickness  necessary 
for  stable  propagation  of  burning.  Thus  a  condition  of  thermal  explosion  can 
obtain  without  the  triggering  of  burning,  if  the  volume,  in  which  the  thermal 
explosion  occurs,  is  too  small. 

Such  a  varied  development  of  chemical  processes  on  impact,  inclviding  local 
chemical  transfoimation  (that  can  be  completed  by  a  thermal  explosion)  and 
self- propagated  transformation  in  form  of  burning  and  explosion,  developed  to 
completion  or  interrupted  at  various  stages  of  its  development,  extraoixiinarily 


characterizing/ 

hampers  the  experimental  j  of  the  sensitivity  of  W  on  impact.  We 

evaluated  the  results  of  a  individual  teat  only  by  explosion  or  absence  of 
explosion,  at  the  time  when  it  would  be  necessary  to  describe  this  resiilt  and  at 
that  quantitatively  frcm  at  least  three  sides  —  the  appearance  of  heat-ups  and 
seats  of  chemical  reaction,  their  growth  stature  in  form  of  burning,  and  the 
transition  of  the  latter  to  explosion.  With  this  there  can  also  be  the  various 
numbers  of  seats  and  the  dimensions  and  the  location  in  the  charge  of  each  one, 
on  which  the  result  of  process  also  depends. 

This  side  of  question  presents  direct  practical  interest.  The  most  danger¬ 
ous  explosives  are  those  in  which  seats  of  disintegration  appear  and  propagate 
easily.  If  we  will  imagine  two  W,  in  one  of  which  seats  of  disintegration 
appear  easily,  but  propagate  with  difficulty  and  vice  versa,  one  in  which  they 
appear  with  difficulty  but  propagate  easily,  then,  depending  upon  the  conditions, 
in  which  deformation  is  produced,  either  first  or  the  second  substance 

may  be  more  dangerous.  With  the  existing  test  of  method,  we  were  deprived  however, 
of  the  possibility  of  analyzing  the  triggering  and  developnent  of  the  explosion. 

The  experimental  evaluation  of  the  appearance  of  seats  of  disintegration, 
especially  if  they  do  not  develop  to  burning,  is  very  subjective;  sometimes 
there  is  a  small  change  of  external  form  of  the  W  or  its  color  (browning,  black¬ 
ening),  and  by  these  characteristics  it  is  not  always  possible  to  distinguish 
fusion  frcan  decomposition;  in  another  case  the  odor  of  decomposition  products 
or  a  local  scattering  of  material  appears.  It  is  necessary  to  add  that  it  is 
sometimes  very  difficult  to  distinguish  the  scattering,  appearing  in  a  seat  of 
chemi(ial  reaction  from  scattering  due  to  purely  mechanical  causes.  Thus,  for 
example,  with  the  removal  of  pressure  strongly  compressed  hexogen  is  usually 


spontaneously  scattered,  sometimes  so  intensely  that  an  explosion  appears  at 
the  same  time. 

A  second  characteristic  of  the  process — the  developnent  of  burning  on 
impact — also  is  not  estimated  quantitatively,  although  test  results  in  this 
relation  can  be  considerably  different,  i.  e.,  burning  can  be  propagated  on  the 
whole  charge  or  limited  to  a  part  or  parts  of  it,  or  can  be  full  or  incomplete. 
Finally,  it  is  difficult  to  establish  whether  the  transition  of  burning  to  ex¬ 
plosion  had  a  piece  during  a  test,  since  we  can  judge  the  presence  of  explosion 
only  by  sound,  which  can  appear  also  as  the  result  of  burning  under  high  pressure. 

The  only  direction  known  at  the  present  for  the  quantitative  approach  to 
the  appraisal  of  the  considered  phenomenon,  although  also  having  an  integi-al 
character,  consists  in  the  determination  of  the  degree  of  the  completeness  of 
the  explosion  according  to  the  quantity  of  gases  formed  during  a  given  experiment. 
Chemical  methods  of  quantitative  appraisal  of  appearance  and  development  of  seats 
of  reaction  are  complicated. 

In  connection  with  the  very  low  reproducibility  of  test  results,  certain 
investigations  expressed  opinions  on  the  unfitness  of  the  drop-hammer  as  an 
instrument  for  the  study  of  sensitivity  of  W.  It  is  scarcely  possible  to  agree 
with  such  opinions,  at  least  if  speaking  of  the  determination  of  sensitivity  as  a 
practical  characteristic  of  W,  since  those  effects  that  influence  the  results  of 
tests  on  a  drop-hammer  may  also  be  mardfested  during  work  with  W  in  production. 

However,  this  conclusion  by  no  means  excludes  the  expediency  of  the  use 
for  the  study  of  W  of  such  simpler  methods  as  the  determination  of  sensitivity 
to  friction  or  to  transmission  of  detonation  at  a  distance.  We  .ri.ll  dxfell  in  a 
little  detail  on  the  last  test.  On  the  basis  of  experiments  with  a  aeries  of 


secondary  W,  the  author  for  a  lon^g  tine  pointed  out  the  parallelism  in  their 
sensitivity  under  impact  and  the  conditions  of  transmission  of  detonation  at  a 
distance  /”l_7. 

Recently  this  parallelism  was  confimed  anew  and  e:(panded  (A.  Ya.  Apin), 
and  besides  it  was  shown  that  a  noticeable  similarity  is  observed  between  results 
of  tests  on  a  drop-hammer  and  on  transmission  of  detonation,  even  with  respect 
to  role  of  such  characteristics  of  W  as  crystal  dimensions. 

However,  sensitivity  to  transmission  of  detonation  characterizes  only  one, 
although  perhaps  the  most  important  side  of  triggering  of  explosion  on  impact 
namely,  the  inflammability  of  the  W  during  momentary  pressure^  and  the  action  of 
gases  at  high  temperature  and  pressure.  The  role  of  the  stage  of  heat  generation 
during  mechanical  deformation  of  a  W,  in  other  words  the  stage  of  formation  of 
seats  of  high  temperature,  here  is  decreased  and  those  peculiarities  of  the 
■substance,  in  particular  its  fluidity^,  that  in  the  biggest  measure  affect  just 
on  this  stage  are  erased.  The  difference  between  sensitivity  to  impact  and  to 
friction  is  in  these  test  conditions,  impossible  to  grasp.  In  their  turn  certain 
peculiarities  are  developed,  specific  for  a  given  form  explosion  triggering — for 
example,  a  sharp  influence  of  the  initial  density  of  a  powder,  which  operates  to 
a  much  lesser  degree  during  impact.  The  one-sidedness  of  test  on  transmission 
of  detonation  is  still  more  graphically  revealed  in  the  case  of  charges  of  smoke- 

1  We  will  note  incidentally,  that  the  speed  of  deformation  during  transmission 
of  detonation  and  during  triggering  of  explosion  by  impact  differ  strongly. 

2  It  is  scarcely  possible  to  doubt  that  flegmatization  of  azide  of  lead  by 
paraffin  decreases  distance  of  transmission  of  detonationj  during  tests  on  a  drop- 
hammer  it,  as  it  is  known,  increases  the  freo-ency  of  explosion. 


leaa  powder,  which  aa  it  ia  known,  poorly  transmita  detonation  at  a  diatance, 
poaseasing  at  the  aame  time  high  inflammability  and  aenaitivity  to  impact. 

Therefore,  teating  of  tranamiaaion  of  detonation  is  quite  useful  during  the 
appraisal  of  sensitivity  to  impact,  especially  if  substances  close  in  physico- 
mechanical  properties  are  compared,  when  distinctions  in  sensitivity  impact  are 
determined  not  by  the  latter,  but  thermokinetic  properties  of  the  W.  However, 
as  is  clear  frcan  the  above,  receptivity  to  transmission  of  detonation  does  not 
always  exhaustively  characterize  the  sensitivity  of  a  W  to  impact. 

The  poor  reproducibility  of  results  of  tests  on  a  drop-hammer  naturally 
greatly  hampers  accurate  appraisal  of  the  effect  of  those  or  other  characteristics 
of  a  W  on  its  sensitivity. 

However,  in  a  number  of  cases,  including  cases  having  direct  practical  in¬ 
terest,  such  appraisal  is  possible. 

We  will  recall  first  of  all  the  results  obtained  by  N.  A.  Kholevo  CkJ  and 
the  interpretation  he  gave  them.  This  investigator  showed  that  if  a  W  possesses 
great  fluidity,  the  highest  frequency  of  explosions  is  observed  under  the  condi¬ 
tions  of  impeded  flow,  which  can  be  obtained  in  instrument  No.  1.  During  tests 
in  this  instrument  relatively  large  stresses  appear  in  W,  in  consequence  of  which 
the  coefficient  of  internal  friction  increases  and  are  strengthened  correspondingly 
the  heat-ups  formed  in  the  substance  during  its  flow.  On  the  contrary,  in  tests 
of  VV  with  low  fluidity  the  highest  frequency  of  explosions  is  observed  under 
conditions  of  relieved  flow,  realized,  for  example,  in  instrument  No.  2. 

The  degree  of  complexity  of  flow  in  instrument  No.  1  depends  naturally  on 
the  magnitude  of  the  gaps;  this  affects  the  frequency  of  explosion.  As  experience 


shows,  ths  maximum  frequency  of  explosion  is  obtained  at  various  gaps  for  different 
W  therefore,  the  "optimum”  gap  magnitude  cannot  be  predicted  beforehand.  N.  A. 

I  Kholevo  applied  even  more  vigorous  conditions  of  flow  during  tests  of  liqiiid  W, 

I  placing  them  in  a  cup  of  fluid  metal  for  example  lead  (see  page  8  ). 

i 

It  is  possible  to  relieve  the  flow  of  substance  in  instrument  No.  2  by  de¬ 
creasing  the  dian»ter  of  the  rollers  (af^the  same  specific  energy  of  impact)  or 
the  diameter  of  the  charge.  Incidentally,  deformation  conditions  corresponding  to 
those  that  take  place  in  instrument  No.  2  can  be  realized  in  instrument  No.  1. 

For  this  it  is  above  to  arrange  the  batch  of  W  in  the  form  of  a  tablet  or  a  small 
s  pile>  with  a  diaiMter  less  than  that  of  the  rollers.  The  free  circular  part  of  the 

space  between  the  rollers  and  will,  during  impact,  play  the  role  of  the  groove  of 
instrument  No.  2. 

V.  S.  Kozlov  proposed  an  instrument  with  slightly  I'ounded  transition  from  face 

No./ 

to  cylindrical  surface,  combining  the  condition  of  instrument/ ^  2.  jn  this 

instrument  are  realized  in  the  initial  stage,  the  conditions  of  instrument  No.  2, 

i.  e.,  relieved  flow,  but  later,  when  the  free  space,  small  in  volume,  is  filled 

W  and  the  latter  starts  to  be  pressed  through  the  gaps  between  the  rollers  and 

h  the  sleeve — the  conditions  of  instruiuent  No.  1.  Thus  in  V,  S.  Kozlov's  instrionent 

riy  the  sensitivity  of  a  VY  can  be  shown  in  known  degree  independently  of  its  fluidity — 
’  No./ 

this  instrument,  as  it  were,  combines  the  tests  in  instruments/l  and  2.  In  this 

consists  its  advantage,  but  simultaneously  a  drawback,  in  that  the  precise  kind 
of  conditions  — stress  or  relieved  flow — the  W  is  the  most  dangerous  remain  un¬ 
known.  We  will  add  that  the  idea  V.  S.  Kozlov  has  been  for  a  long  time  embodied 
;e  in  reality  in  the  form  of  that  instrument  which  is  applied  in  accordance  with  All- 

Union  Government  Standard  GOST  2065 — 43*  In  this  instrument,  thanks  to  the  pres¬ 
ence  of  faces  on  the  rollers,  there  is  an  annular  spacj,  playing  the  role  of  the 
groove  of  instrument  No.  2;  since  the  volume  of  this  groove  is  small  as  compared 
to  the  voltane  of  W,  then  in  the  future  it  is  pressed  through  the  gaps  between  the 


rollws  and  th«  sleeve  canal,  similarly  as  it  occurs  in  instrument  No.  1. 

In  the  former,  a  caste  stamping  instrument  applied  by  us,  the  piston  did  not 
have  faces;  the  appearance  of  the  latter  was  combined  with  transition  on  bearing 
rollers,  which  have  these  faces  .  The  authors  of  GOST,  allowing  the  use  of  roll¬ 
ers  with  faces,  scarcely  considered  the  possibility  of  a  strong  effect  of  these 
faces  on  the  frequency  of  explosion  of  certain  (low-fluidity)  V¥,  or  all  the  more 
so,  imagined  the  physical  significance  of  this  effect.  It  is  possible  that  certain 
differences,  appearing  in  their  own  time  in  the  appraisal  of  the  sensitivity  of 
various  VY  like  flegmatized  hexogen  with  aluminum,  whose  sensitivity  was  estimated 
to  be  lower  than  the  sensitivity  of  trotyl,  were  stipulated  specifically  for  the 
application  in  one  case  of  instruments  without  faces  but  in  another,  with  faces, 
in  ignorance  of  the  role  and  strong  effect  of  the  latter  on  test  results. 

In  any  event,  a  test  in  an  instrument  according  to  the  GOST  gives  usually 
an  approximate  presentation  of  the  sensitivity  of  a  W;  tests  in  instruments  No.  1 
and  2  defines  more  accurately  this  question:  in  what  conditions — relieved  or 
hampered  flow — is  an  explosive,  in  accordance  with  its  fluidity,  most  inclined  to 
explosion  on  impact. 

One  should  to  add  that  although  the  fluidity  of  a  W  can  place  the  strongest 
imprint  on  its  behavior  on  impact,  the  kinetic  and  thermochemical  characteristics 
of  the  W  in  no  way  lose  their  role,  which,  when  they  are  sharply  distinct,  can 
be  determining. 

The  relationship  of  these  two  factors  of  sensitivity  is  very  graphically 
explained  by  N.  A.  Kholevo;  if  we  had  two  Wj,  identical  in  physicomechanical 
properties,  then  sensitivity  would  be  determined  only  by  their  chemical-kinetic 
and  thermal  characteristics.  If,  however,  the  physicomechanical  properties 
actually  differ  then  the  sensitivity  (frequency  of  explosion)  of  the  W  depends 
also  on  them.  The  less  distinction  of  physical  properties  of  compared  W,  the 
gi'eater  is  the  degree  to  whiqh  their  sensitivity  is  ‘determined  by  kinetic  and 


thermal  ch£a*acteri8tic8 . 

In  its  turn,  the  role  of  physical  factors  would  be  discovered  in  pure  form, 
if  we  had  W  identical  in  chemical-kinetic  and  thermochemical  characteristics  but 
I  differing  in  physical  properties .  Incidentally  ,  a  case  we  have  near  to  this  if  one 


and  the/V7  can  be  tested  under  identical  external  conditions  in  different  aggregate 


states.  Such  a  test  has  been  realized,  for  example,  on  nitroglycerine  capable  of 

showed/ 

strong  supercooling;  it/  ,  as  it  is  known,  an  essential  distinction  between 
the  frequency  of  explosions  of  liquid  and  solid  matter. 

From  the  above  it  follows  that  for  a  full  and  differentiated  characterization 
of  the  sensitivity  W  to  mechanical  influences  it  is  necessary  to  make  a  complex 
of  tests,  establishing?  role  of  chemical-kinetic  and  thermal,  as  well  as  physical 
factors  in  the  process  of  triggering  explosion.  The  first,  in  known  measure,  can 
‘  be  integrally  characterized  by  the  inflammability  of  the  explosive  at  increased 

ik/ 

pressures,  and  also  by/susceptibility  under  the  conditions  of  transmission  of 
detonation  of  a  distance,  and  the  second  --by  tests  on  a  drop-hammer  in  instru¬ 
ments  1  and  2,  and  also  by  the  determination  of  sensitivity  to  friction.  In  the 

a 

last  test,  the  conditions  of  friction  are  fixed  in/larger  measure  by  the  experi- 

No./ 

menter,  than  in  instruments /l  and  2,  vrtiere  they  are  determined  primarily  by  the 


fluidity  of  the  W. 

tests/ 

At  the  present  time,  complex  / of  W  for  sensitivity  with  a  series  of 
causes  are  not  carried  out.  However,  even  single  tests  on  a  drop-hammer  reveal 
a  number  of  regularities  meriting  attention. 

Thus,  during  investigations  of  W  homotypic  in  chemical  structure,  a  signifi¬ 
cant  effect  of  the  melting  temperature  on  test  results  was  observed.  If  the  melt¬ 
ing  temperature  is  relatively  low,  then,  as  was  already  noted,  the  melt  formed  at 
the  beginning  of  flow  on  the  S’arface  of  particles  plays  the  role  of  a  unique  lub¬ 
ricant,  lowering  the  coefficient  of  friction  and  decreasing  the  frequency  of  ex¬ 
plosion  in  relieved  conditions  of  flow,  for  example,*  in  instrument  No.  2.  On  the 


oth»r  hwkl,  in  instrianant  No.  1  th«  fr«qu«ncy  of  •3q)loaion  can  increase.  However, 
not  only  al^olute  value  of  the  melting  tes^rature,  but  also  its  proximity  to  the 
ten^>erature  of  fut  decoe^osition,  in  other  words  the  speed  of  decoopoeition  of 
the  melt  formed.  If  this  speed  is  great,  then  the  "lubricant  effect"  is  weakened 
and  the  frequency  of  e^qjlosion  is  high  also  in  conditions  of  relieved  flow^. 

Under  conditions  of  haajpered  flow  melting  usually  is  absent  and  the  frequency  of 
explosions  is  lower  part. 

Interesting  is  the  behavior  of  systems  including  a  low-nmlting  base  and  re¬ 
latively  high-melting  low-fluidity  powder,  sensitive  under  conditions  of  relieved 

> 

flow.  The  sensitivity  of  such  sy8$,ems,  especially  >ri-th  large  contents  of  the  high- 
melting  component,  can  be  determined  in  the  first  place  by  the  latter's  own 
properties,  i.  e.,  it  appears  high.  The  properties  of  the  fusible  base  are  less 

a 

4 

essential.  This  is  especially  evident  for  mixtures  of  azid  of  lead  with  paraffin; 

in  fixed  teat  conditions,  vrtien  the  frequency  of  explosion  of  the  azide  is  near  to 

abruptly/ 

zero  both  in  instrument  No.  1  and  in  instrument  No.  2,  it  is/'increased  in  the 
presence  of  paraffin. 

The  decisive  factor  determining  the  increase  in  the  frequency  of  explosion 
in  these  cases,  is,  obviously,  the  increase  in  the  fluidity  of  the  substance  and 
possibility  stipulated  by  this  friction  between  particles  of  the  hard  high- 
melting  component.  The  possibility  of  the  propagation  of  explosive  transforma¬ 
tion  during  the  addition  of  the  low-melting  substance  can  stand,  but  in  the  con¬ 
ditions  of  the,  given  ex^ple,  undoubtedly  becomes  lower;  but  it  does  not  limit 
the  triggering  of  explosion  in  the  given  case. 

If,  however,  the  low-melting  component  in  the  mixtuie  is  relatively  great 

1  One  can  expect  that  the  sensitivity  of  eutectic  alloys  of  low-fluidity  VV  will 
be,  in  known  conditions,  lower  than  that  of  their  component  parts. 


I  and  it  is  chaaically  relAtivsly  inert,  then^^s  flegaatizing  action  on  the  stage 

I 

i 

,  of  devolopnent  of  explosion  can  be  significant  as  is  observed,  for  exas^^le,  in  a 

\ 

505S  "aHoy"  of  hexogen  with  trotyl. 

On  the  other  harid,  here  the  change  of  physical  properties  (increase  or 
decrease  of  fluidity)  of  the  system  can  play  an  essential  role. 

! 

On  the  Appraisal  of  Sensitivity  of  W  to  Mschanical  Effects  in  Reference  to 
Practical  Conditions. 

Vdth  variations  in  exp^riioental  results  for  one  and  the  saine  substance,  with 
a  great-and  different  for  various  W— dependence  of  frequency  of  explosions  on 
test  conditions  (construction  and  dimensions  of  instrument,  thickness  and  diameter 
of  charge,  magnitude  of  gaps,  etc.)  arises  the  question  of  how,  then,  to  estimate 
sensitivity  of  explosives  in  reforence  to  the  demands  of  practice.  Here  it  is 
appropriate  to  quote  those  conclusions,  arrived  at  by  American  physical  chemists 
in  summing  up  attempts  to  determine  sensitivity 

"As  a  result  of  investigations,  howeve^j  it  was  determined,  —  and  this  is  a 
discovery  of  significant  practical  importance — that  it  is  impossible  to  find  such  a 
characteristic  as  a  definite  mechanical  sensitivity  of  an  explosive.  Indeed,  by 
change  in  test  conditions,  it  is  possible  to  change  even  the  order  of  mechanical 
sensitivities  of  explosives.  Thus  laboratory  teats  are  not  in  a  state  to  establish 
the  absolute  danger  of  industrial  operations,  producible  upon  explosives.  In  the 
best  case,  the  application  of  various  tests  can  give  only  warning  that  a  now  W  is 
in  general  more  dangerous  than  another,  already  in  usej  maybe  this  test  will  be 
able  to  give  also  certain  indications  relating  to  especially  dangerous  conditions." 

Those  conclusions  are  in  essence  analogous  to  those  earlier  arrived  at  independ¬ 
ently  by  N.  A.  Kholevo,  uncovering  also  the  physical  concept  of  the  variability  of 
sensitivity. 

It  is  necessary  to  add  however,  that  if  for  any  W,  changing  the  corresponding 
tost  conditions,  either  very  high  or  very  low  frequency  of  explosion  can  be  obtain- 


ed,  then  for  substances  vdth  close  physical  properties  (for  example,  for  many  trin- 
itrocoaqpounds  of  the  bensene  series)  under  ordinary  test  conditions,  for  exasqale 
in  an  instrument  conforming  to  All-Union  Government  Standard/^^43 ,  one  can 
obtain  an  approximate  comparative  characteristic  of  sensitivity,  reflecting  in  such 
a  case  their  kinetic  and  thermochemical  propei*ties. 

The  question  arises,  however,  of  the  extent  to  which  results  of  such,  or  com- 

tests/ 

plex,  /  can  be  transferred  to  the  conditions  of  processing  and  application  of 

W. 

The  answer  to  this  question  is  very  complicated,  in  the  first  place  due  to 
insufficient  knowledge  of  the  character  those  influences  to  which  a  W  is  subjected 
in  practical  conditions.  Thus,  experimentally  proven  presentatir ns  on  the  mechan¬ 
ism  of  the  triggering  of  premature  explosions  during  a  shot,  sudden  explosions 
during  compression  boring,  etc.,  are  not  clear.  It  is  of  little  help  to  turn  to 
practical  processes  of  decreasing  the  sensitivity  of  W.  Such  a  position  is  dic¬ 
tated  first  of  all  by  the  fact  that  broad  experimenting  in  these  questions  has  not 
been  realized,  since  every  experiment  on  a  full  scale,  if  it  is,  ends  in  an  ex¬ 
plosion,  is  very  expensive.  Usually  a  negative  conclusion  on  the  possibility  of 
the  application  for  a  given  W  of  one  or  another  technological  process  or  method  of 
use  is  founded  on  single  explosions  having  a  place  in  practice,  which  could  be 
random. 

To  decrease  the  sensitivity  of  TJ  to  mechanical  effects,  the  practice  knows 

two  main  processes  of  flegmatization;  one  consists  in  the  application  of  alloys, 

including  a  W  with  great  energy  of  explosion  and  high  sensitivity  and  a  W  with 

lesser  energy  of  explosion  and  low  sensitivity;  as  examples  one  can  cite  alloys 

dlnitronaohthalene/ 

of  picric  acid  with/  ind  of  TEN  with  trotyl.  In  this  case  the 

decrease  in  sensitivity  occurs  mainly  at  the  expense  of  lowering  the  general  re¬ 
activity  of  the  W  and  its  explosion  energy  as  compared  to  the  most  sensitive  com¬ 
ponent  . 

However,  another  method  of  flegmatization  is  widely  applied,  in  which  parti- 


I  cles  of  a  highly  sensitive  W  with  a  high  melting  tempcratur.e  arc  enveloped  by  a 

\  layer  of  nonexplosive  viscous  substance;  a  typical  flegmatizator  is  paraffin.  As 
S 

I a  flegmatizator  can  also  be  applied  a  low-sensitivity  low-melting  e:qjlosive,  Tnis 

I  role  is  played,  for  example,  by  trotyl  in  "alloys"  with  hexogen.  It  is  possible 

* 

i t'-  propose  that  low-melting  viscous  additions  play  the  role  of  lubricants  during 

i 

'  flow  of  the  W  caused  by  impact  or  during  friction  and  decrease  those  heat-ups,  that 

! 

would  appear  in  their  absence.  This  action  of  theirs  is  analogous  to  the  action  of 
melt  formed  on  the  surface  of  particles  of  a  low-melting  W  during  their  fast  defor¬ 
mation. 

Side  by  side  with  this,  flegmatizors  undoubtedly  play  also  the  role  of  improv- 

i  ing  formability,  in  particular  pressability,  of  the  explosive.  This  makes  less 

!  dangerous  and  therefore  technically  feasible  its  pressing,  since  in  the  case  of 
* 

‘  application  of  a  flegraatizor  higher  density  will  be  attained  with  smaller  pressing 
*  pressure;  besides,  those  stresses  and  tangential  forces  efforts,  that  would  be  in- 
evitable  in  the  achievement  of  high  density  of  charge  by  pressing  unflegmatized 
I  powder  do  not  appear.  A  denser  charge,  with  other  conditions  equal,  is  more  diffi- 
cult  to  deform. 

j 

I  Vie  will  recall  in  this  connection  that  during  tests  on  a  d^op-hammer,  the 
presence  of  a  flegraatizor  often  increases  the  frequency  of  explosion.  This  occurs 
in  those  conditions,  vdiere  the  absence  of  e^qjlosion  of  an  unflegmatized  W  is  stip¬ 
ulated  by  him  its  insufficient  (for  given  conditions  of  action)  fluidity.  Under 
slov?  actions  (pressing)  the  same  increase  in  fluidity  have  the  reverse  effect.  In¬ 
creased  fluidity  of  a  W.  in  particular  its  ability  to  be  melted  without  essential 
decomposition,  hampers,  generally  speaking,  the  triggering  of  explosion  under  such 
relatively  slow  actions,  as  the  W  is  subjected  to  in  the  process  of  boring  and 
pressing.  Thanks  to  the  fluidity  those  local  stresses,  which  cm  appear  in  a  W 
during  these  processes  are  removed.  Due  to  this,  in  the  first  place,  strong  local 
heat-ups  do  not  appear;  secondly,  the  reaction  is  not  developed  in  seats  of  heat-up 
even  if  they  appear. 


It  is  knowi  that  aiTPing  of  ammunition  by  pugging  of  trotyl  is  relatively  safe. 
It  may  be  possible  to  explain  this  hy  the  relative  chemical  inertness  of  trotyl. 
However  such  an  ejqplanation  is  hardly  sufficient,  since  the  significantly  more  re¬ 
active  amatols  >dioso  frequency  of  explosion  during  tests  on  a  drop-hammer  is  much 
greater  than  that  of  trotyl,  can  also  be  pugged.  Obviously,  therefore,  the  essentr- 
ial  factor  of  the  danger  of  pugging  is  fluidity,  in  particular  the  fluidity  stipu¬ 
lated  by  the  possibility  of  melting  without  decomposition.  If  a  W  does  not  possess 
such  significantly  expressed  fluidity,  then  large  stresses  of  movement,  if  they 
appear,  cannot  to  be  softened  and  will  call  forth  critical  heat-upe. 

However,  too  large  a  fluidity  of  a  W  such,  for  example,  as  that  possessed  by 
low- viscosity  liquids,  can  with  known  prerequisites  increase  the  possiblilty  of 
explosion.  We  will  imagine  that  is  realized  an  impact  a  refractory  metal  against 
a  metal  covered  by  a  layer  of  explosive  liquid  which,  owing  to  its  low  viscosity 
does  not  ?-ender  essential  resistance  to  the  approach  of  the  impacting  surfaces. 

In  this  case  especially,  if  the  angle  of  collision  is  at  least  a  little  off  the 
perpendicular,  the  movement  and  deformation  of  the  metallic  surfaces,  as  is  known, 
leads  to  the  appearance  of  strong  local  heat-ups.  If  a  W,  for  example  nitroglycer¬ 
ine,  possesses  great  reactivity  and  is  capable  under  high  pressures  of  burning  even 
as  a  film,  then  it  can  be  ignited  and  detonated  from  friction  of  metal  against 
metal.  This  explosion  ti.en  is  transmitted  to  the  remaining  mass  of  the  W  not  sub¬ 
jected  Lu  i  direct  impact.  Low  viscosity  can,  besides,  relieve  the  triggering  of 
explosion  due  to  ccanpression  of  gas  bubbles. 

If  the  viscosity  of  nitroglycerine  is  increased,  for  example,  by  dissolving 
in  it  nitrocellulose,  then  both  these  possibility  of  triggering  of  explosion  are 
realized  with  more  difficulty. 

Thus  too  low  and  too  high  fluidity  of  a  VV  can  at  known  conditi  chani- 

cal  effects  favor  the  triggering  of  explosion. 


X  X 


I  In  conclusion  we  will  touch  that  somewhat  scholastic  aspect  zi  the  problem, 

1 

! 

in  >rtiich  it  was  recently  set  by  certain  investigators.  It  is  a  question  of  attempts 
to  consider  sensitivity  as  a  certain  absolute  constant  of  a  VV,  stipulated  only 
its  chemical  structure.  With  this  it  was  indicated  that  the  physical  properties, 
whose  role  of  is  underlined  by  N.  A.  Kholevo  and  associated  investigators,  are 
*  stipulated  by  the  chemical  structure  of  the  substance. 

Proponents  of  these  opinions  forget  that  there  are  in  general  no  absolute 
properties  of  a  substance,  that  all  properties  in  greater  or  lesser  measure  depend 
on  conditions,  in  which  the  substance  is  found.  Therefore  only  by  force  of  habit^, 
appearing  in  those  times  when  the  sensitivity  was  a  thing  in  itself,  when  its  phy¬ 
sical  meaning  was  not  known,  can  be  explained  the  tendency  to  attach  to  every  W, 
a  label  with  the  nianber  of  its  sensitivity  and  on  this  basis  to  consider  the 
problem  of  the  knowledge  of  the  latter  to  be  completed. 

Further,  if  a  chemist,  knowing  the  composition  and  chemical  structure  of  a 

woxdd/ 

W,  could  quantitatively  characterize  its  physicomechanical  properties,  then  it/ 
possible  to  consider  these  properties,  which  are  Important  factors  of  sensi¬ 
tivity,  not  directly  but  through  their  functional  dependence  on  composition  and 
structure.  Along  with  this  we  do  not  calculate  physiccmechanical  properties 
according  to  composition  and  struct\xre,  but  establish  them  by  means  of  direct 


1  In  realuty,  we  know  that  the  sensitivity  of  a  W  to  detonation  depends  on  the 
crystal  size  and  on  the  density  of  the  powder,  but  this  no  longer  surprises  us  and 
we  do  not  look  for  some  absolute  sensitivity  to  detonation.  Just  as  few  are  the 
basis  for  and  seeking  in  reference  to  sensitivity  of  a  W  to  impact.  Dependence 
on  conditions  of  action  is  by  no  means  a  peculiarity  of  these  or  other  character¬ 
istics  of  a  W.  In  the  resistance  of  materials  we  speak  of  rupture,  pressure,  and 
shear  strength,  and  this  does  not  cause  surprise  and  does  not  force  a  search  for 
seme  single  absolute  strength,  although  such  a  concept  would  be  incomparably  simp¬ 
ler  to  connect  with  composition  and  structure.  As  a  third  example  it  is  necessary 
to  recall  the  concept  of  brittleness;  its  convention,  the  dependence  of  brittle¬ 
ness  for  example,  on  the  speed  of  deformation,  is  well-known. 


determination.  Besides  this,  the  physi 'omechanical  properties  of  givoi  chemical 
compo\ind  also  are  not  an  absolute  constant  of  it  and  therefore  the  sensitivity 
of  a  W  cannot  be  constant.  That  it  is  not,  it  is  possible  to  illustrate  by  many 
examples.  Thus,  naturally,  the  sensitivity  of  one  and  the  same  compoxind  of  the 
gaseous  liquid,  and  solid  states  differ,  the  sensitivity  of  solid  matter  can  depend 
on  dimensions  of  crystals.  It  is  known  that  different  crystallographic  modifica¬ 
tions  of  a  certain  W  also  differ  in  sensitivity.  Finally,  external  conditions, 
which  it  is  in  no  way  possible  to  include  in  the  concept  of  chemical  structure  of 
a  tested  substance,  also  have  an  effect  on  sensitivity.  Sensitivity  to  friction, 
can  be  distinguished  from  sensitivity  to  blew  impact;  it  depends,  in  particular — 
and  this  dependence  is  explained  by  Bouden£^2j  — on  the  temperature  of  melting  of 
materials,  between  which  friction  is  realized. 

Thus  sensitivity  is  variable,  depending  on  the  properties  of  the  W  and  on 
external  conditions,  including  conditions  of  deformation.  Appears,  however,  the 
question:  is  it  impossible  to  express  this  dependence  completely,  or  at  least 
partially  by  a  quantitative  formula?  In  principle  this  is  possible.  Practically, 
in  view  of  great  complexity  of  the  process,  attempts  in  this  direction  (including 
the  attempt  of  L.  V.  Dubnov,  Evans,  and  other  investigators)  have  had  no  success. 
Simultaneously,  separate  determining  characteristics  of  phenomenon  are  clear;  this 
— from  a  numbe"  chemical-kinetic  and  thermal  properties — the  thermal  effect  of 
reaction,  the  thermal  capacity  and  conductivity  of  the  W,  the  specific  velocity 
of  heat  release  in  its  dependence  on  temperature,  the  burning  rate  depending  upon 
pressure  (the  effect  of  these  factors  is  partially  united  in  inflanmability,  and 
also  in  the  magnitude  of  the  critical  diameter  of  the  charge);  from  physico- 
mechanical  properties  and  conditions  of  deformation — coefficients  of  internal  and 
external  friction  in  dependence  on  pressure  aixi  temperature,  degree  of  homo¬ 
geneity  of  the  W  (in  particular,  the  presence  and  dimensions  of  gas  pockets),  pres¬ 
sure  and  speed  of  its  change  in  time,  initial  temperature,  temperature  of  melting, 


ishtll,  disMusions  of  holes  in  it  and  other  characteristics  of  deformation  conditions 

! 

'  Conclusions 

I  The  triggering  of  eoqjlosion  during  mechanical  effects  on  an  explosive  is  stip~ 
ulated  by  the  appearance  in  the  W  of  local  heat-ups*  These  heat-ups  can  be  formed 
during  nonuniform  flow  of  the  explosive/  during  compression  of  gas  bubbles  in  it, 
during  friction  of  particles,  refractory  in^jurities,  or  hard  surfaces,  one  of  which 
is  the  e^q^losive.  The  development  of  a  chemical  reaction  appearing  in  seats  of 
heat-up  to  burning  and  eoqslosion  depends  on  their  temperature  and  dimensions  and  on 
pressure. 

Inasmuch  as  the  triggering  of  explosion  is  determined  by  many  factors,  the 
most  important  of  >rtiich  are  chemical-kinetic  and  thermochemical  characteristics  of 
the  explosive,  its  physical  properties  (fluidity),  and  the  conditions  of  deformation 
the  sensitivity  (frequency  of  explosions)  under  mechanical  effects  can  vary  in 
wide  limits. 

For  an  integral  appraisal  of  sensitivity  it  is  necessary  to  determine  a  com¬ 
plex  of  properties  of  the  explosive — ^the  frequency  of  eoqplosions  on  a  drop-hammer 
No./ 

in  instrumental  snd  2  and  during  friction  tests  and  also  the  ability  to  perceive 
jind  transmit  detonation  at  a  distance,  and  the  critical  diameters  of  the  charge 
during  burning  and  during  detonation.  Besides,  it  is  impossible  to  forget  that 
the  real  danger  of  triggering  of  ea^losion  under  mechanical  effects  will  in  strong 
measure,  depend  also  on  the  conditions  of  these  effeets  determialng  the  possibility 
of  flow  of  the  explosive  and  the  appearance  with  this  of  local  heat-ups,  and  also 
on  the  maintenance  of  pressure  favoring  the  developtjent  of  the  initial  transforma¬ 
tion  to  explosion. 

This  article  was  written  in  1956.  Certain  considerations  developed  in  it,  orig 
inated  from  the  conversations  with  N.  A.  Kholevc^  whom  author  in  this  connection 
remembers  with  deep  gratitude. 
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Th*  Mtehaaini  of  Trifiiriiif  an  &(ploaioa  on  Imptet 

By  the  tern  aaai^^ivity  of  an  ei^oelve  le  underetood  the  capability  of 

0 

latter  to  react  to  eockomal  effects  with  the  generation  of  burning  or  explosion. 
This  capability  can  be  ejqpressed  more  or  less  by  factors,  determining  the 
sensitivity  of  explosive  to  mechanical  effects.  They  are  Its  properties  and 
the  condition  of  the  effects,  that  assure  In  the  charge  a  creation  of  a  seat 
of  heat'Up  of  sufficient  temperature  and  dimension,  and  also  the  propagation 
and  development  of  the  transformation  vdilch  had  begun  in  It  prior  to  the 
explosion.  Together,  these  factors  determine  the  danger  of  the  generation  sn 

I  explosion,  1.  e.  sensitivity  of  an  explosive,  under  definite  specific  conditions. 

'  They  can  be  divided  Into  two  groups:  chemical  In  the  broad  sense  of  the  woz^ 

I  and  mechanical. 

In  time/ 

I  Inasmuch  as  the  first  stage/of  the phenomenon  under  study  Is  determined 

i 

•  chiefly  by  mechanical  factors,  we  proceed  namely  from  them*  At  present  It  Is 
universally  reco^zed  that  an  explosion  under  mechanical  effects  develops 
from  local  heat-ups,  created'  by  these  effects.  Ways  of  generating  wane-ups 
can  be  various^.  One  of  them  is  the  nonuniform  speed  in  the  flow  of  the 
explosive.  The  second  way  Is  associated  with  existence  of  gas  bubbles  In  the 
W  and  the  third  —  'with  local  heat-ups  from  friction  of  solid  alien  particles 


1.  See  In  present  collection  of  articles,  N.  A.  Kholevo  (page  5  },  F.  Bouden 
(page  :?7)and  K.  K.  Andryev  (pageA?). 
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or  metallic  surfaces  of  the  sjcvil  and  firing  pin  of  the  device  with  a  thin  layer 
of  explosive  between  them. 

For  the  generation  of  local  heat-ups  not  only  t^e  physico-mechanical  proper¬ 
ties  of  W,  but  also  conditions  of  the  effect  on  it  are  essential.  Thus^in  order 
that  esqslosive  could  flow  during  the  compression,  created  by  the  inspact^it  is  nec¬ 
essary  that  it  is  not  enclosed  on  all  sides,  i.  e.^it  should  be  given  the  possibil- 
it,y  of  flowing  into  a  gap.  Furthe^  it  is  obvious  that  on  the  width  and  extent  of 
the  gaps,  through  which  flows  the  e^losive  on  impact,  depends  the  pressure  devel¬ 
oping  in  it;  on  the  magnitude  of  the  same  pressure  in  turn,  depends  the  coefficient 
of  internal  friction  and  speed  of  flow,  bub  through  them  also  the  intensity  of 
the  heat-up.  The  heat-up  of  gas  bubble  also  depends  on  maximum  pressure  and  rate 
of  attaining  the  latter.  Finally,  if  we  are  not  concerned  with  the  impact  along 
normals,  with  which  the  genesis  of  the  W  flow  and^ consequently,  also  friction  is 
determined  by  the  fluidity  of  explosive,  but  by  a  slipping  impact^ then  the  possibil¬ 
ity  of  generation  heat-ups  in  this  case  can  be  completely  otherwise. 

Thus,  the  generation  of  local  heat-ups  during  mechanical  effects  bn  an  explo¬ 
sive  depends  on  very  many  factors,  the  combined  effect  of  \diich  quanti;.atively  is 

difficult  to  take  into  consideration  and  even  to  evaluate.  This  circumstance  in- 

circumstance/ 

troduces  a  large  indetennination  for  the  question  on  the/whether  or  not  a  given 
effect  results  in  the  generation  of  a  heat-up  terminating  with  an  explosion. 

In  tliis  respect^ a  mechanical  effect  as  a  means  of  triggering  an  explosion  differs 
from  many  others,  especially  from  the  thermal.  In  the  latter  case,  the  association 
between  the  cause  and  effect  is  by  far  much  more  simple  and  therefore  can  be  more 
readily  evaluated. 

The  statement  above,  however,  refers  not  only  to  mechanical  aspect  of  phenom¬ 
enon.  The  flash  and  burning  of  an  explosive  on  impact  proceeds  under  more  complex 
conditions,  in  comparison  with  the  oHinary  conditions  of  corresponding 


'  «xperi»ont8.  The  chief  factors  here  are  the  vaxTing  pressure  and  soall 
I  thickness  of  layer  of  explosive.  It  is  known  that  according  to  theory  Mikhelson 
Zeldovich,  the  quantity  of  heat,  that  impt  be  coaounicated  to.  the  surface  layer 
of  the  W  charge  in  order  to  ignite  it  depends  on  the  burning  rate,  but  through 
it  on  the  pressure.  The  larger  the  latter  is^the  less  is  this  quantity.  It 
;  depends  also  on  heat  conductivity  of  the  explosive.  Further,  if  burning  begins 
but  the  pressure  rapidly  decreases,  than  it  nay  cease,  because  the  reserve  of 
heat  in  the  heated  layer  nay  not  suffice  for  the  burning  to  continue  during 
low  pressure.  The  critical  dianeter  (more  precisely  the  critical  dimension) 
of  the  charge  during  burning  under  atmospheric  p*e8&ure,  as  a  rule,  is  much 
I  greater  than  under  ordinary  conditions  of  triggering  an  eoqplosion  on  impact. 
Therefore,  the  burning,/  on  impact,  can  spread  only  in  cases  when  a 

sufficiently  high  pressure  is  maintained. 

Finally,  as  well  as  under  ordinary  conditions  of  a  thermal  explosion,  the 
effect  of  the  tenperature  Itself  attained  at  the  seat  of  the  heat-up,  and  the 
dimensions  of  the  latter,  is  shown.  Therefore,  if  we  consider  the  chemical 
factors  of  sensitivity,  then  it  is  necessary  to  take  into  consideration  also 
those  of  which  determine  the  generation  of  a  thermal  explosion:  rate  of  the 
reaction,  caused  by  the  heating,  and  its  heat  which,  determines  the  temperature, 
being  obtained  in  it.  It  is  known  that  depth  of  the  transformation  of  explosive, 
as  a  rule,  dependa  on  the  pressure  and,  apparently,  on  the  temperature.  There- 
I  fore,  it  is  not  always  easy  to  make  certain  those  values  of  the  constant  of 
the  rate  and  heat  of  the  reaction,  idiich  actually  are  decisive  in  a  triggering 
of  ^  explosion  on  impact.  In  any  case, it  is  impossible  to  identify  them 
with  data,  obtainable  during  a  gradual  disintegration  or  during  detonation. 

Thus,  from  the  chemical-kinetic  standpoint, the  triggering  of  an  explosion 

its/ 

on  impact  is  much  more  complicated,  than  during  /thermal  excitation,  for 


.21/ 

ttxuqpla,  undar  ordinary  conditiona  of  datexmlnlng  the  tai^rature  Ox  xlaSii/  wiiv 
axploalva. 

» 

A  graphic  illuatration  of  thla  la  the  incomparably  greater  constancy  of 
results  In  determining  the  temperature  or  delay  of  Hash  In  coiq)arlson  with 
determining  the  characteristics  of  the  W  sensitivity  to  an  impact.  In  this 
respect,  Judging  from  observations  on  the  character  of  deformation  of  nonexplosive 
substances  on  impact.  The  Inconstancy  of  the  results  during  triggering  of  an 
eoqiloslon  on  ijpact  basically  determine  the  mechanical  factors,  examined  above. 

In  connection  with  complex  character  of  the  phenomenon  and  multiplicity 

of  factors  on  which  depends  triggering  of  the  exploslor||[>n  impact^  the  practical 

value  of  characteristics  of  the  sensitivity,  obtained  under  specified  conditions 

of  the  test.  Is  limited.  Indeed,  If  the  mechanical  conditions  vary,  but  in 

practice  they  can  vary  very  widely,  then  also  the  possibility  of  triggering  of 

an  eaqplosion  will  vary.  Therefore,  in  principle  it  is  more  normal  for  the 

characteristic  of  a  specific  W  with  respect  to  sensitivity  to  establish  not 

the  frequency  of  the  explosion,  for  exanpla^  with  the  inpact  in  a  drop  hammer, 

but  certain  simpler  properties  of  the  e3q)losive,  determining  its  thermokinetic 

and  physico-mechanicial  properties.  However,  approximate  characteristics  of 

these  properties  can  be  obtained  also  by  means  of  a  drop  hammer.  A  defect  in 

the  method  of  determining  the  sensitivity  of  W  in  a  drop  hammer,  ^^essence 

that/ 

the  qualitative  character  of  the  results,  but  an  advantage  is  the  fact/the 
determination  is  made  under  conditions,  corresponding  to  those  under  vrtiich  is 
triggered  the  explosion  on  impact  (higher,  rapidly  changing  pressure,  movement 
of  substance  et  al.). 

Above  we  mentioned  that  for  the  triggering  of  an  ejqplosion  on  impact,  there 
are  both  physical,  as  well  as  chemical  factors.  One  should,  however,  emphasize 
the  difference  between  them.  The  chemical  factor?  continuously  are  associated 


’with  the  exploslyt  and  1^7  their  cwn  role  tinder  aU  conditions;  the  role 

I  of  the  ph/sioal  factors  is  ^own  onlj  under  definite^  more  or  less  specific 

conditions  for  each  W.  Therefore,  if  we  have  an  explosive,  the  sensltivit/ 

the 

of  which  is  small,  as  /zTsult,  of  the  chemical  factors,  i.  e.,  such  W,  for 
which  are  characteristic,  a  low  inflannability  and  a  large  critical  diameter 
j  of  detection,  then  for  the  triggering  of  its  es^osion  a  strong  or  dimensionally 
I  large  local  heat-up  is  necessary.  This  substance  will  be  eoqploded  only  under 
those  conditions  of  mechanical  effects,  which  assure  generation  of  such  a  heat-up. 
Conversely,  an  eoq^osive,  with  the  same  physical  properties,  but  with  a  high 
I  "chemical*'  sensitivity,  will  be  exploded  not  only  during  these  mechanical  effects 
but  also  during  many  others,  which  create  weaker  heat-ups  from  which  the  first 
Qjqilosive  did  not  esqilode. 

The  statement  above  by  no  means  means  that  an  explosive  with  a  high 

"chemical"  sensitivity  always  will  give  a  large  frequency  of  explosions.  ' 

Conversely,  there  may  be  such  conditions  of  mechanical  effects,  with  which 

frequency  of  esqploslons  of  "chemically"  less  sensitive  substance  will  be  greater. 

lead/ 

A  good  exBB^ple  is  azide  of  f  ,—  a  substance  with  a  high  "chemical"  sensitivity, 
which  on  isqpact  in  a  drop  hanner  along  normals  owing  to  low  fluidity  is 


exploded  with  greater  diff:  Ity  than,  for  example,  tetryl,  the  "chemical" 

!  sensitivity  of  idilch  is  by  far  much  lower.  However,  on  an  average,  under  the 

*  / 

various  conditions  of  mechanical  effects  idiieh/ possible  in  practice  a!|Kxplo8ive 

[With  high  "chemical"  ■  sensitivity  will  be  more  dangerous,  than  a  W,  which  has 
a  lew  sensitivity.  The  latter  will  be  dangerous  only  during  certain  conditions 
of  the  effect,  when  the  specific  mechanical  properties  of  the  explosive  create 
the  possibility  of  generation  of  a  sufficiently  intense  seats  of  high  teo^rature 


and  of  a  development  of  a  burning  which  had  started  in  them. 

Thus,  for  exKuqple,  according  to  the  experimmit  by  N.  A.  Kholevo,  trotyl. 


in  mixbiu^  &  with  an  aluninum  powder  (80:20),  on  impact  between  two  steel 
with/ 

rollers/^  i.  dlaiaeter  of  10  mm  (instrument  No  2)  does  not  give  e3{plosions 
even  with  a  great  in^ct  energy(4  kgm) .  It  is  difficult  to  force  it  to 
explode  also  from  friction.  If,  however,  the  indicated  mixture  is  placed  in 
instrument  No  1,  where  owing  to  narrow  gaps  between  rollers  and  sleeve,  the 
flow  of  substance  is  hampered,  then  the  frequency  of  the  explosions  with  that 
saaw  iapact  energy  amounts  tolOO 

We  now  cite  a  second  example.  If  on  the  drop  hammer  in  instrument  No  4 
(see  below)  we  produce  an  Impact  by  nitroglycerine  or  azide  of  lead,  after 
having  slightly  raised  the  upper  roller  above  the  W,  then  thore  can  be  obtained 
a  frequency  of  explosions  10(^,  supposedly  owing  to  the  capture  of  air.  With 
the  roller,  placed  directly  on  explosive,  it  is  equal  to  zero.  If,  howevei^  we 
take  chemically  a  relatively  little-sensitive  explosive  (for  example,  tetril 
or  hexogene)  then  the  existence  of  an  interval  between  the  upper  roller  and  the 
W  does  not  result  in  a  marked  increase  in  the  frequency  of  explosions^. 

Ihe  question  concerning  how  it  is  possible  according  to  results  of  the 
test  on  the  drop  hammer  to  estimate  ”The  chemical”  and  "mechanical”  aspect  of 
the  sensitivity  of  a  W,  is  examined  below  in  specific  experimental  data. 

Experiments  were  made  in  instrument  No  4,  the  scheme  of  which  is  given  in 

Fig.  1.  From  the  scheme  of  this  instrument  it  is  seen  that  it  basically 

distinction/ 

corresponds  to  N*  A.  Kholevo’s  instrument  No  2j  its  chief/consists  in  the 
fact  that,  ir  i.t  are  used  rollers  of  large  diameter  (19  mm),  but  the  point  of 
their  junction  along  the  entire  perimeter  does  not  touch  the  walls  of  the 
sleeve,  so  that  W  during  expiration,  caused  by  the  impact,  is  ejected  into 
unlimited  space. 


1,  See  present  collection  of  articles,  page  99. 


Tftbl*  1*  R»iult»  of  li^riJMiits  with  Cortaln  fiqilooiwos  on  Drop  HuMor  in 
Iwtnwmt  No.  4  (Uwd  10  kg*  hoiiht  ot  its  fall  25  cm,  maik>er  of 
•xptriMnts  in  sach  froup  25*  robound  of  load  during  non-loadsd 
iaqpaot  70i  of  htigjht  of  its  fall) 
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1)  Seriss  of  «xptri»«ntcj  2)  Wosivsi  3)  Batch  ag.;  4)  Conditi^s  of  experiment; 
5)  Frequency  of  explosions  %i  6)  Average  rebound  of  load  during  f^ures  %  height 
of  fall;  7)  Hexogene;  8)  Trotyl;  9)  Tetryl;  10)  Nitroglycerine;  11)  Gelati^z«ri 
nitroglycerine;  12)  Batch  is  located  in  small  pile  in  center  of  roller;  13)  ^tch 
is  distributed  cvenl;y  along  entire  block-wood  pavement  of  roller;  U)  ^tch  is  dis¬ 
tributed  evenly  along  block-wood  pavement  of  roller;  15)  Tablet  with  ^ameter  10  vm 
located  in  Ser  of  roller;  16)  Crystallized  drop;  1?)  Drop  is  applied  to  lower 
roller  vuxler  weight  of  upper  roller  it  spreads  betwew  block-wood  paveoients;  18 j  In 
the  batch  are  2  to  3  steel  grains  with  thickness  of  0.01  to  0.04  mm. 


Peculiarities  of  the  deformation  of  the  batch  of  W  and  the  generation  of  the 
explosion  in  instrument  No  4,  as  well  as  its  advantages  and  defects  of  its 
construction,  will  be  discussed  later,  but  now  we  will  dwell  on  results  of 
tests  of  certain  W  in  this  instrument  on  the  drop  hammer.  These  results  are 
presented  in  table  1. 

In  experiments  with  each  W  under  study^  the  amounts  of  the  batch  and  its 
distribution  on  block-wood  pavement  of  the  roller  varied.  Besides  frequencies 
of  the  explosions,  also  the  height  of  rebound  of  load  after  impact  (in  56  of 
height  of  fall)  in  cases  of  failures  was  fixed.  The  first  series  of  experiments 
were  made  with  hexogene,  in  which  the  batch  of  W  in  a  small  pile  was  placed 
at  the  center  of  roller.  With  a  little  batch  (1  milligram)  the  frequency  of 
explosions  was  8^^,  with  5  milligram  it  increased  to  64^.  With  a  subsequent 
increase  of  the  batch  amounts  double  and  10  times  the  orginal  batch,  the 
frequency  of  the  explosions  continued  to  Increase.  If,  however,  a  large 
batch  of  W  were  placed  evenly  on  the  block-wood  pavanent  of  the  roller,  then 
the  frequency  of  explosions  sharply  falls.  This  points  out  to  the  fact  that 
hexogene  flows  with  difficulty,  and  that  the  pressure,  which  will  be  attained 
with  the  distribution  of  the  impact  energy  over  the  entire  area  of  the  roller, 
to  the  same  smadl  thickness  of  the  layer,  is  insufficient  to  cause  a  flow 
of  the  substance,  and  consequently,  to  cause  an  explosion.  This  is  confirmed 
also  by  comparing  the  heights  of  a  rebound  of  the  load.  With  an  evenly 
distributed  layer  of  W  the  height  of  the  rebound  is  great  and  approximates  the 
height  observed  in  experiments  without  loads,  this  indicates  a  lack  of  flow 
in  the  substance;  such  height  of  rebound  is  observed  with  a  central  location 
of  small  batch  which  points  out  in  this  case  the  small  expenditure  of  energy 
for  the  flow  in  W.  With  a  central  location  of  a  large  batch  (50  milligram) 
the  rebound  decreases  markedly. 


Fig.  1.  Diagram  of  Instrumant  No  4  in  testing 
explosives  for  sensitivity  on  in^ct. 


The  question,  however,  arises  by  >diat^then,  is  determined  the  low 
frequency  of  explosions  with  very  small  centrally  located  batches  of  W  (3. 
milligram)?  It  would  have  been  possible  to  assume  that  a  significant  part  of 
energy  of  the  impact  is  expended  during  the  deformation  of  the  charge,  in  the 
process  of  which  the  diameter  and  resistimce  to  flow  of  W  increases.  When 
such  a  thickness  of  the  layer  W,  is  attained  with  >rtiich  a  continuation  of 
flow  would  cause  an  explosion,  the  energy  of  load  was  ecd^usted  so  much  that 
flow  weakens  or  ceases.  However,  opposed  to  this  explanation  is  the  high 
frequency  of  explosions  with  batches  of  10  and  50  milligrams  in  comparison  to 
1  milligram.  One  must  therefore  assume  that  with  a  small  batch,  by  the 
moment,  »dien  resistance  to  the  flattened  tablet  becomes  significant,  we  have 
already  entered  into  a  region  of  such  small  thicknesses,  with  which  the 
thermal  losses  do  not  permit  burning  to  be  developed. 

Thus,  by  combining  these  data  it  may  be  concluded,  that  hexogene  is 
characterized  by  high ."chemical"  sensitivity,  because  it  explodes  even  with 
very  small  batches.  In  connection  with  the  fact  that  this  W  possessed  small 
fl^dity^  its  high  sensitivity  can  be  developed  only  in  the  case,  v#hen  conditions  cf 

the  deformation  favor  the  generation  of  the  flow  of  the  charge  (large  specific  pres¬ 
sure  and  facilitated  conditions  of  flow  —  instruments  No  2  or  4  with  a  central 
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placement  of  the  batch). 

Let  U8  examine  now  the  results  of  the  experiments  with  trotyl.  With  a 
batch  of  5  and  50  milligrams  we  do  not  obtain  explosions  by  placing  the  W 
either  at  the  middle  of  the  roller,  or  over  the  entire  area  of  its  block-wood 
pavement.  This,  one  must  explain  by  the  fact  that  trotyl  possesses  great 
fluidity  vdiich  is  confirmed  also  by  the  magnitude  of  the  rebound,  and  simul¬ 
taneously  it  is  chemically  little-aonsitive . 

With  small  batches  it  does  not  explode,  because  thickness  of  layer 
becomes  less  critical.  Trotyl  does  not  explode  also  with  large  batches  (large 
thickness  of  layer),  because  owing  to  the  great  fluidity  there  does  not  occur 
(with  given  dimensions  of  the  roller)  a  stress,  sufficient  for  a  triggering 
of  the  explosion  during  the  flew.  Tetryl  occupies  an  intermediate  position. 

Its  fluidity  is  higher  than  that  of  hexogene  with  a  batch  of  50  milligram,  evenly 
distributed  on  the  roller, /explodes  with  a  frequency  in  any  case  of  no  less, 
than  with  a  central  location  (of  batch),  vdiile  in  the  case  hexogene  the  frequency 
of  the  explosions  with  an  even  distribution,  as  we  have  seen,  sharply  fell. 
Parallel  with  this  a  comparison  between  magnitudes  of  the  rebounds  shows  that 
tetryl  in  distinction  from  hexogene  flows  fairly  well  —  the  rebound  (with  an 
even  distribution  in  a  batch  of  50  milligram)  amounts  to  only  505C  in  distinction 
from  645^  for  hexogene.  On  the  other  hand,  tetryl  "chemically"  is  less 
sensitive,  than  hexogene:  the  frequency  of  explosions  of  tetryl  becomes  small 
(l6/f)  even  with  a. batch  of  5  milligram,  with  which  hexogene  gives  even  6U% 
explosions . 

The  behavior  of  liquid  W  under  the  described  conditions  of  an  impact 
can  be  illustrated  by  experiments  with  nitroglycerine.  It  gives  \inder  ordinary 
conditions  of  test  a  very  low,  or  nearly  zero  frequency  of  explosions  with 
batches  from  2  to  10  nd-lligrams.  Fluidity  of  nitroglycerine  is  high;  this  is 
confirmed  especially  by  the  large  magnitude  of  its  rebound.  In  it  there  does 
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.  not  occur  on  iaqptct,  such  hi£^  stresses  during  idiich  the  coefficient  of  internal 
^  fricticn  would  be  increased  to  a  d^ree^  sufficient  for  the  genwation  of 
critical  heat-ups.  Therefore,  although  ^chMBical]^^”  nitroglycerine  also  is 
very  sensitive,  this  sensitivity  under  the  indicated  conditions  cannot  be 
developed.  The  behavior  of  nitroglycerine  under  these  conditions  is  analogous 
to  the  behavior  of  trotyl,  idiich  although  less  fluid,  but  siioultaneously 
also  is  much  less  smsitive  chemically. 

In  this  connection,  however,  arises  the  question:  why  is  an  esqlosion 
of  nitroglycerine,  and  also  of  trotyl,  much  more  readily  triggered  in  instru¬ 
ment  No  1  and  how  by  not  resorting  to  this  instrument,  it  is  possible  to 
characterize  the  sensitivity  of  such  explosives? 

As  we  have  already  frequently  mentioned,  an  explosion  develops  on  impact 
there  is/ 

in  a  drop  hammer,  if/possible  not  only  a  generation  of  a  chemical  transformation 
of  the  substance,  but  also  propagation  and  development  of  this  transformation 
up  to  the  explosion. 

For  the  generation  of  a  transformation,  a  fairly  stressed  flow  is 
i necessarjj  but  for  its  propagation  a  sufficient  thickness  of  layer  of  the 
-substance.  In  instrument  No  1  is  realized  a  combination  of  both  conditions^ 
a  stressed  flow  in  the  gap,  more  precisely  in  that  portions  of  it  >rtiere  the 
roUe:^  \diich  after  having  been  extended  on  impact^  serves  as  a  clearance  of  the 
gap  and  the  thicker  layer  of  substance  in  that  part  of  the  gap,  where  the 
roller  was  less  extended,  and  also  between  the  block-wood  pavements,  where 
substance  did  not  succeed  even  in  being  extended. 

In  order  to  reproduce  such  conditions,  favoring  the  generation  of  an 
explosion  of  W  with  high  fluidity,  it  is  possible  to  in  principle  to  proceed 
in  two  ways. 

1.  To  increase  dimensions  (height  and  diameter)  of  the  charge,  but 
correspondingly  also  of  the  roUere,  as  well  ae  weight  of  the  loadj  th«i  the 
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larg«  strMSM  ditzlng  the  flow  will  generate  with  the  thickneee  of  the  charge  even 
exceeding  the  critical,  end  the  generated  heat-upe  aey  develop  into  an  exploaion. 

2.  On  the  bloek>-wood  pavenent  of  roller  to  aeke  a  hole  end  to  place  into  it 
more  W,  then  correeponds  to  its  volume;  in  this  case  the  eurplus  of  explosive  on 
impact  will  be  forced  between  the  block-^rood  pavements  of  the  rollers  in  the  fom 
of  film  analogous  that,  which  takes  place  in  the  gpa  of  instrument  No.  1;  the  gen¬ 
erated  ignition  on  the  edge  of  the  hole  will  be  able  to  spread  in  the  thick  layer 
of  the  ejqploslve,  located  in  the  hole;  with  such  a  setting-up  of  the  experiment  the 
role  of  the  gaps  of  instrument  No.  1  is  fulfilled  by  gap  the  between  block-wood 
pavmBents  of  rollers^. 

The  results  of  experiments  with  nitroglycerine,  carried  out  by  this  scheme 
are  presented  in  table  2. 

.  Table  2 


Frequency  of  Esqplosions  of  Nitroglycerine  in  the 
Instxument,  Kavlng  Holler  With  A  Hole  (Volume  of 
hole  of  0.01  cm3,  its  diameter  $  mm,  depth  0*8 
mm;  load  10  kg.  height  of  its  fall  25  cm). 


1^  Huecn  • 

A)  Mmcjo  npuBOB 

Jj/j  MmCSO  CMMTOe 

10 

14 

9/10 

2t 

4/10 

1)  batch  in  milligram;  2)  number  of  explosions;  3)  nuniber  of  experiments. 
Another  possibility  "of  the  manifestation"  of  the  potential  sensitivity  of  a 

flowing  explosive  consists  in  the  fact  that  in  order  to  artificially  form  in  it  dur¬ 
ing  the  impact  on  the  drop  hammer,  seats  of  heat-ups,  which  the  flow  of  W  through 
itself  owing  to  the  small  coefficient  of  internal  friction  (viscosity)  cannot  create. 
This  can  be  attained,  for  example,  by  introducing  into  the  eaqalosive  a  few  hard 


1.  If  the  hole  is  filled  only  partially  and  nitroglycerine  does  not  fall  into  the 
gap  between  block-wood  pavements  of  the  rollers  then  explosions  are  not  observed; 
they  gmnerate  also  with  great  difficulty,  if  in  the  space  between  block-wood  pave¬ 
ments  during  impact  too  much  liquid  is  forced. 


pAriielM,  tb«  Adetion  of  liiieh  aloeg  tho  aiirfaeo  of  tho  firixig  pin  or  anvil  ro- 
aulta  in  haat-upa.  Sipariaanta  eonfim  tha  raality  of  ihia  poaaibility  (aaa  aariaa 
5  in  tabla  1). 

It  ia  poaaibla  to  haiqpar  during  aarparlamt  tha  flow  of  W  bgr  placing  a  raadily 
Into/ 

flowing  (axploaiira)  /  a  cup  aada  of  aoft  natal.  In  tha  tabla  3  are  praaantad  ra- 
aulta  of  raapactiTo  asqwriaonta  with,  trotyl  and  nitroglycarina. 

Tabla  3 

Fraquancy  of  Sxploaioiia  of  Sacploaivaa,  Placad  Into  a  Cup  Kada  of  Sad  Coppar. 
(V^una  of  cup  0.035  car,  ita  dianatar  5  >■>  haight  1.8  aa;  load  10  kg,  haight 

of  ita  faU  25  cn). 


^pwawToe  MnecTM 

4/  Htaacn  •  jM 

1 

Hmc«>  nn«<'rHi 
*0  MncM  oou'ioa 

^  Tpom 

M 

7/ao 

Q  Havporiiiaapaa 

» 

1^10 

40 

00 

1)  Svvdoaiva;  2)BatBh  in  ailligran;  3)  Sunbar  of  aoqploaiona; 
4)  Nwbar  of  axparinanta;  5)  Trotyl;  6)  Nitroglyearina 


Thua,  tha  eitad  raaulta  of  tha  axparlaanta  agraa  wall  with  idaaa  eoncaming 
tha  aachanian  of  tha  txiggaring  of  tha  axploaion  on  inpact,  advancad  and  davalopad 
by  N.  A.  Eholavo.  Thaaa  idaaa  ahould  aarva  for  avaluating  tha  aanaitivity  of  ax- 
ploaivaa  to  aachanical  af facta.  Thay  aaka  it  poaaibla  in  rafaraoca  to  impact  con- 
ditiona  approxinataly  to  diffarantiata  tha  rola  of  chaalcal  and  phyaico-aiachanical 
factora  of  tha  aanaitivity  and  corraapondingly  provida  tha  poaaibility  of  obtain¬ 
ing  a  Bora  conplata  idaa  about  tha  propartiaa  of  V?,  than  witii  atandard  aathod  of 
taating. 

On  tba  Mathodology  of  Taatlag  Sgploaivaa  for  Sanaitivlty  daring  luaet 

At  praaant,  tha  taating  of  W  for  aanaitivity  during  iaqiact  ia  ragulatad  by 
tha  All-Union  OovanaMnt  Standard  4545*~^  and  2065->43.  Thaaa  atandazda  apacify 
the  placing  of  tha  axploaiva  during  taat  in  a  roUar  device  which  ia  a  aiiqslifiad 
variant  of  tha  laat  ataapdng  inatnaMnt  propoaad  by  Kaat  in  1906. 

Aa  tha  baaia  of  tha  aachaniaa  of  ataaqoing  inatxuaant  ware  aaaumad  tha  follcwing 
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contidcntions  iMch  th«i  •MCMd  iaditputabl*:  Xurg*  occilUtioiui  in  the  results 
of  tests,  obserred  with  a  drop  hsHter,  sre  caused  by  the  inconstancy  of  iapact 
conditions,  in  particular  of  the  area  of  the  charge,  on  idiich  the  impact  operates 
and  by  the  unparalleliam  of  the  surfaces  being  impacted.  In  the  respect,  friction 
is  added  to  the  impact  effect%  For  the  removal  of  these  presuMd  defects,  (first) 
a  East  dasiga,  bat  later  a  conteaperary  design  of  an  instrumsot  for  testing  FV  on 
a  drop  ha—r  mas  adopted. 

In  the  last  decade,  however.  It  has  been  shown,  chiefly  by  works  of  N. 

A.  Kholevo,  that  with  an  impact  on  a  drop  hanmer  the  explosion  in  many  cases 

generates,  apparently,  not  between  the  block~wood  pavements  of  rollers,  but 

during  the  punching  of  the  W  under  the  effect  of  the  impact  into  the  gap 

between  rollers  and  the  diraoting  sleeve.  In  accordance  with  this  even  if 

during  the  testing  a  constancy  of  the  area  of  impact  and  direction  of  movement 

but/ 

of  the  iii^mcted  surfaces,  had  been  assured  /conditions  of  the  flow  of  W  after 
its  exit  from  the  space  between  block-wood  pavements  of  rollers  were  varying, 
then  the  frequency  of  explosions  can  vary  sharply.  The  role  of  these  conditions 
graphically  is  demonstrated  by  resvilts  of  tests  in  N.  A.  Kholevo 's  Instrument 
No  2I.  Tests  in  instruments  of  two  types —  with  hampered  (No  1)  and  facilitated 
(No  2)  flow  of  the  charge  gives  a  more  complete  idea  about  the  sensitivity  of 
W,  than  a  testing  in  one  of  them.  The  specified  All-Union  Gtovemment  Standard 
2065  —  43  instrument,  in  iidiich  rollers  have  bevel  edges,  occupies  an  inter¬ 
mediate  position'  between  instruiaents  No  1  and  2 . 

However,  if  an  explosion  occurs  in  the  gap  between  the  rol].ers  and  sleeve 
and  its  initiation  depends  on  the  magnitude  of  this  gap,  then  the  design  of 
such  an  instnunent  eannoo  be  consid^ed  rational.  In  reality  the  magnitude 
of  gap  can  izregularly  change  from  experiment  to  experiment  owing  to  the 

1.  See  article  N.  A.  Kholevo  in  present  collection  of  articles  (page  5). 

» 

/y" 


displaceinent  of  axis  of  rollors  idth  rospect  to  the  axlt  of  the  sleeve  channel. 
During  the  impact  a  pressing  of  W  into  the  gap  usually  occurs,  as  it  was 
possible  to  see  in  experiments  ^ere  the  W  flowed  beyond  the  channels,  one¬ 
sided,  obviously  idiere  the  gap  was  wider.  Furthermore,  the  sleeve  chumel  ideally 
should  fulfill  (xily  the  function  of  directing  the  movement  of  the  roller  and 
therefore  for  corresponding  dimensions  (internal  diameter)  and  for  manufacturing 
its  surfaces  there  are  high  requirements.  Inasmuch  as  actually  it  serves  as 
place  where  the  explosion  generates,  then  the  gases  of  explosion  rapidly 
erode  the  channel  and  make  it  little  useful  for  an  accurate  directing  of  the 
movement  of  the  roller.  To  a  known  degree  this  refers  also  to  instrument  No 
<  2\  although  the  explosion  in  it  occurs  not  in  the  gap,  neverthelesa  gases 
j  can  leave  only  through  the  sleeve  channel  and  therefore  they  also  cause  its 
>  erosion. 

t 

In  the  light  of  these  considerations  it  appeared  expedient  to  change  the 

i 

;  design  of  the  Instrument  in  order  that  hot  gases  in  the  eoqplosion  did  not 

I 

i 

^  enter  into  the  channel  of  the  directing  sleeve  and  did  not  cause  its  fast  wear. 

i 

I 

'  This  also  was  realized  in  instrument  No  4,  in  which  the  sleeve  can  serve  without 
i  replacement  for  a  long  time.  Besides  Increasing  the  constancy  of  testing 
conditions  this  change  of  construction  in  the  instrument  lowers  the  cost  of  the 
test.  A  sleeve  of  req^red  All-Union  Government  Standard  quality  (as  distin¬ 
guished  from  rollers)  is  fairly  expensive,  but  during  testings  with  instruments 
No  1  and  2  of  thick  W,  the  deformation  and  erosion  of  the  channel  proceeds 
rapidly  and  the  sleeve  must  frequently  be  changed.  Certain  investigators 
were  limited  even  to  only  a  single  use  of  the  sleeve  which  very  much  increased 
cost  of  the  test. 

The  use  of  instrument  No  4  considerably  reduced  the  cost  and  would  allow 
one  instrument  to  obtain  that  characteristic  of  sensitivity,  which  up  to  now 


could  be  obtained  only  by  testing  the  W  in  two  instruments  No  1  and  2. 

The  main  advantage  of  a  convex  test  in  instruments  No  1  and  2  consists 
in  that  it  makes  it  possible  to  characterise  not  only  thermokinetic,  but  also 
the  physico-mechanical  aspect  (in  particular  fluidity)  of  the  sensitivity  of 
W.  Both  these  characteristics,  as  we  have  seen,  can  be  established  in  the 
proposed  instrument  No  4  in  foHcsring  the  methodology  of  testing  hard 
explosives:  the  W  are  tested  with  two  locations  of  the  batch  on  the  block-wood 
pavement  of  the  Icwer  roller. 

1)  in  the  form  of  slightly  (from  the  hand)  depressed  tablet  with  a 
diameter  5  m,  placed  in  center  of  the  roller  (such  a  location  in  the 
futxure  for  brevity  will  be  called  central)  j 

2)  in  the  form  of  layer  of  even  thickness,  distributed  over  entire 
block-wood  pavement  of  roller  (in  the  future  will  call  ’'uniform  spreading"). 

The  tests  are  made  with  batches  of  several  magnitudes  ^  and  besides  for 
every  batch  and  every  variant  of  its  distribution  on  the  roller,  a  definite 
number  (for  example,  25)  parallel  experiments,  establishing  frequency  of 
eiqslosions,  are  made  in  the  experiments,  vdiere  there  was  no  explosion,  the 
height  of  rebound  of  load  after  impact  is  fixed. 

With  a  central  location  are  created  facilitated  conditions  of  flow  of  W, 
analogous  to  those  realized  in  instrument  No  2,  where  there  is  combined,  the 
small  diameter  of  rollers  (large  pressure  on  impact)  and  presence!  of  a  groove. 

In  the  case  of  central  location  of  the  batch  (in  instrument  No  4)  the  flow  is 
facilitated  by  a  concentraticm  of  the  impact  energy  in  a  small  area  of  the 
charge  and  by  relatively  large  gaps  between  the  rollers.  An  oven  distribution 
of  the  charge  creates  hampered  conditions  for  the  flow  of  W,  because  the 

1.  Judging  from  the  obtained  experimental  data,  a  sufficiently  cooplete  idea  on 
the  sensitivity  of  ordinary  Ws  can  be  obtained  with* the  testing  of  two  batches, 
10  and  50  mllllgffy^ 


\ 


I 

I  iqpaot  •fftot  in  this  o«m  is  spportionsd  to  a  Xargs  atsa  and  ths  prtssurs 
i  is  wsll,  but  ths  gsp  bstwssn  roUsrs  in  ths  initial  sta^s  of  ths  Ijqmet  is 
ssMllsr  than  Kith  a  esntral  location  of  ths  batch. 

Ws  consider  now  ths  interpretation  of  possible  results  of  soqperiBents 

i 

^  Kith  various  W, 

Let  us  assume  that  Kith  an  ercA  distribution  of  a  small  batch  a  low 
frequency  of  eoqplosions  is  obtained.  This  can  occur  for  two  reasons: 

1)  substance  therookinetleally  is  little  sensltiye  and  does  not  explode 
in  a  film; 

2)  its  fluidity  is  small  and  it  does  not  flew  under  given  conditions. 

We  repeat  the  experiment  with  a  central  location  of  the  batch,  Khich 

t 

I  assures  greater  pressure  during  inqmct  and  facilitates  the  flow  of  W.  If 

the  frequency  of  the  explosions  increases,  then  a  lack  of  them  or  smaller 

frequency  with  an  even  distribution  were  the  result  of  a  small  fluidity.  As 

I  an  example  of  such  substances  (table  4)  the  following  may  serve:  hexogene, 

I  T.  E.  N.  / 

I  octogene,  /  trinitro  resorcinate  of  lead  et  al. 

>  If,  however,  for  two  W  with  a  small  batch  there  is  obtained  a  small 
frequency  of  explosions  both  with  an  even  distribution  as  well  as  with  a 
I  central  location,  then  this  still  does  not  mean  that  they  have  an  identical 
:  low  sensitivity.  The  small  frequency  of  eaqjlosions  may  be  caused  by  the  fact 
that  for  both  substances  with  small  batch  of  a  too  fine  layer  of  W,  thinner, 

I  than  it  is  necessary  for  the  .propagation  of  the  burning  or  the  explosion.  1%e 
distinction  between  the  substances  then  will  be  developed  with  lai'ge  batches. 
■The  little-sensitive  substance  as  before  will  not  give  eoqplosions;  substance 
with  the  greater  sensitivity  will  begin  to  give  them  with  a  greater  frequency. 
As  an  example  it  is  possible  to  point  to  trinitroaniline  and  styphnate  of 
potassium.  Both  they  in  small  batches  do  not  explode;  however  trinitroaniline 


.  'rv 


•k>m 


does  not  explode  also  vdth  a  change  in  large  batches,  while  styphnate  of  potassium 
(with  a  central  location)  gives  100^  explosions. 

A  test  with  an  increased  batch  (50  milligram)  is  useful  and  in  this  respect 
it  makes  it  possible  according  to  amoirnt  of  rebound  of  load  during  failures  to 
^udge  about  the  fluidity  of  the  substance,^ 

If  the  fluidity  is  small,  then  the  W  does  not  succeed  in  being  greatly  extrud¬ 
ed.  The  expenditure  of  energy  in  extruding  it  is  small  and  therefore  the  rebound 
is  large.  The  rebound  also  with  a  central  locption  of  the  charge  is  large,  although 
as  a  rule,  it  is  naturally  smaller  than  with  an  even  distribution  of  W. 

On  the  other  hand,  the  decrease  in  rebound  in  comparison  with  an  unloaded 
impact  provides  the  possibility  of  being  convinced  that  the  flow  of  the  substance 
during  impact  takes  place  and  that  if  iii  this  respect  failures  are  obtained,  then 
the  cause  of  them  is  not  in  the  lack  of  a  flow. 

One  should,  however,  point  out  that  a  large  rebound  can  be  obtained  not  only 
with  the  small  fluidity  of  an  evenly  distributed  substance,  but  also  in  the  case, 
if  the  fluidity  is  relatively  great  and  i«q>enditure  of  energy  in  extruding  the  sub¬ 
stance  correspondingly  is  small.  This  is  observed,  in  particular,  for  certain 

fusible  Ws,  for  example,  for  trotyl.  It  is  characteristic  that  in  this  case  with 

« 

central  location  of  the  batch  a  larger  rebound,  is  obtained  apparently,  due  to  the 
melting  of  the  substance  during  intense  flow  and  the  associated  sharp  increase 
in  its  fluidity. 

The  comparison  of  the  rebound  and  frequency  of  explosions  with  different 
batches  and  locations  of  them  makes  it  possible  in  most  cases  more  fxilly  to  charac¬ 
terize  "chemical"  and  "mechanical"  aspect  of  the  sensitivity  of  the 

1.  V/ith  small  batches,  the  differences  in  rebounds  during  the  test  of  the  various 
W  are  small,  because  the  expenditure  of  energy  in  extruding  the  substance  is  rel¬ 
atively  small. 


t«0t6d  W,  than  bjr  ismrb  of  theaa  indieas  individually. 

We  ahall  eaqd/iin  this  by  an  analysis  of  the  data  in  table  k,  idiere  there 
are  reduced  the  r'esults  of  the  test  by  the  proposed  aethodology  28  secondary 
and  initiating  Ws. 

Trinitrobenzene  has  significant  fluidity^  about  %diich  it  is  possible  to 
Judge  by  the  large  decrease  of  rebound  not  only  with  a  cMitral,  but  also  with 
an  even  distribution  of  the  charge  (batch  50  miUigraa) .  Similtaneously  it 
is  chestically  little  sensitive,  and  in  order  that  eoqslosions  generated  stressed 
conditions  of  flow  of  W,  idiich  are  created  with  a  batch  of  10  milligram  and 
its  even  distribution  are  necessary.  With  a  emitral  location  of  the  charge  the 
flew  is  facilitated  by  the  large  specific  pressure,  and  also  ewing  to  the  fusion 
of  W  during  the  flow,  as  a  result  the  stress  of  the  flow  becomes  less  (in 
this  respect  it  must  be  taken  into  consideration  that  the  teoqperature  of 
fusion  of  trinitrobenzene  with  respect  to  tenqperature  of  the  flash  is  low) . 

Trotyl  is  chemically  close  to  trinitrobenzene,  but,  its  fluidity  is 
significantly  greater.  With  a  central  location  of  the  trotyl  charge  the 
rebound  is  considerably  greater  than  in  the  case  of  trinitrobenzene.  Fluidity 
of  trotyl  is  so  great  that  a  decrease  in  the  batch  to  10  milligram  results  in 
a  significantly  smaller  (to  2k%  Instead  of  56^  for  trinitrobenzene)  increase 
in  the  frequency  of  eaqplosions  even  with  an  even  distribution  of  the  charge. 

A  subsequent  decrease  of  the  batch  of  trotyl  (to. 2  milligram)  does  not  give 
an  increase  in  the  frequency  of  a3q)losions.  Aiqparently,  the  thickness  of 
layer  of  W  is  found  to  be  in  this  respect  less  critical  for  burning.  The 
ccmibination  of  the  chemical  inertness  and  the  significant  fluidity  also  makes 
trotyl  one  of  the  least  sensitive  explosives,  being  practically  applied. 

Picric  acid  will  behave  analogously  to  trinitrobenzene.  Its  fluidity  is 
markedly  less  (rebound  larger),  but  its  ehemical  sensitivity  is  greater. 


The  audnun  of  thi  firequency  of  explosions  of  picric  acid  occurs  as  well  as 
with  trinitrobenaene  with  a  batch  of  10  milligram  and  with  its  even  distribution. 
Uie  distinction  from  trinitrobenaene  consists  in  the  fact  that  in  picric 
acid  is  observed  a  significant  frequency  of  explosions  also  with  a  central 
location  of  the  charge. 

With  trinitroresorcin  the  fluidity  is  even  less,  and  with  a  uniform 
distribution  it  shows  a  low  frequency  of  explosions  with  all  batches.  Chemically 
it  is  more  sensitive  than  picric  acid  and  it  gives  high  frequency  with  a 
central  location  of  the  charge  even  with  the  smallest  batch. 

Physically  similar  to  trinitroresorcin  is  trinitroxylene,  but  chemically 
it  is  less  sensitive  and  the  maxi  mum  of  frequency  of  explosions  with  it  is  lower. 

VitroamiM  (trinitroaniline  and  trinitrodiaainobenzene)  are  characterized 
by  a  low  fluidity.  With  an  even  distribution  of  50  milligram  the  rebound 
corresponds  to  an  unloaded  impact  and  a  frequency  of  explosions  equal  to 
zero.  However,  frequency  of  explosions  remains  low  and  with  a  central 
locatiori  of  the  batch,  when  Judging  by  the  rebound  the  flow  of  W  takes 
place.  This  attests  to  the  fact  that  also  the  chemical  sensitivity  of 

nitroamine  is  small  which  first  was  marked  by  F.  A.  Baum. 

* 

Tetryl  according  to  fluidity  is  close  to  picric  acid,  it  is  close  to  it 
also  with  respect  to  frequency  o’f  explosions  under  various  conditions. 


Table  4  (continued) 
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Heterocyclic  N-nitramines  (hexogen  and  cctogen)  have  a  low  fluidity,  but 
are  cbetaically  sensitive  and  with  a  very  high  frequency  ejqplodt  with  a  central 
location  of  the  batch. 

Hexyl  and  T.  E,  N.  e^diibit  a  low  fluidity  and  correspondingly  significantly 
higher  frequency  of  explosions  with  a  central  location  of  the  charge  in  compar¬ 
ison  with  an  evenly  distributed  charge. 

Hexanitrodiphenyl  has  a  relatively  low  fluidity,  therefore  as  distinguished 
from  trinitrobenzene  in  batches  of  2  and  10  milligram  with  an  even  distribution^ 
explosions  ai*e  not  obtained.  They  are  observed  with  moderate  frequency  with  a 
batch  of  50  milligrams .  With  a  central  location  of  the  charge  the  frequency  of 
the  explosions  of  hexanitrodiphenyl  as  distinguished  from  trinitrobenzene  is 
significantly  more.  An  analogous  picture  is  given  by  hexanitrooxanilide,  but 
it  has  a  greater  frequency  of  explosions  with  a  central  locaticn  of  charge 
than  hexanitrodiphenyl  has. 

Picrates  and  styphnates  of  potassium  and  lithium  exhibit  a  low  fluidity 
and  correspondingly  small  frequency  of  explosions  with  an  even  distribution  of 
the  charge;  with  a  central  location  the  frequency  of  explosions  by  them  is  high 
with  the  exception  of  picrate  of  lithium  which,  possibly  is  associated  with  its 
greater  hygroscopicity. 

Azides  (of  ammonium,  lead  and  potassium)  are  characterized  by  a  low 
fluidity  and  a  correspondingly  small  frequency  with  a  uniform  distribution  of 
the  batch,  but  due  to  high  chemical  sensitivity  the  frequency  of  explosions 
with  a  central  location  of  these  W  charges  becomes  high. 

To  the  poorly  flowing  explosives  belong  black  powder  and  perchlorate  of 
ammonium;  with  a  central  location  they  give  a  high  frequency  of  explosions. 

The  behavior  of  certain  of  the  studied  explosives  is  very  unusual.  As, 
tetrazene  and  mercury  fulminate  flow  poorly,  but  nonetheless  they  exploded  with 


jfpeat  frequency;  hexanitrodiphenyloxide  and  dyne  do  not  differ  essentially  with 
respect  to  rebounds  with  a  central  location  and  even  distribution  of  the  charge; 
they  do  not  exhibit  a  special  difference  also  in  the  frequency  of  explosions. 

In  the  case  of  testing  initiating  Ws  with  a  high  chemical  sensitivity  for  the 
feneration  of  the  burning  and  explosion  the  small  local  diaplaeeMQtSfWhich  precede 
macroflow,  possibly  are  sufficient.  The  modificational  transitions  with  a  high¬ 
er  pressure,  may  play  the  role  for  a  dyne. 

On  the  >diole,  tests  by  the  given  method  makes  it  possible  by  means  of  one 
instrument  to  obtain  much  more  comprehensive  evaluation  of  the  sensitivity  of  hard 
W  to  impact,  tl’An  is  provided  by  the  standard  method,  ^y  varying  diuring  the  ex¬ 
periment  flow  conditions  of  the  W  by  means  of  changing  the  location  and  magnitude 
of  the  batch  and  by  registering  the  frequency  of  explosions  and  the  magnitude  of 
reboimd  (during  failures),  it  is  possible  to  give  an  evaluation  of  an  explosive  with 
respect  to  the  danger  of  the  generation  of  an  eaqplosion  under  different  conditions. 
This  evaluation  is  not  expressed  in  absolute  units.  Such  an  expression  has  no 
meaning .  inasmuch  as,  as  we  have  seen,  the  fl'equency  of  the  explosions  of  one  and 
the  same  with  a  given  energy  of  the  effect  may  vary  within  wide  limits.  The  chief 
factors  of  this  frequency  of  the  properties  of  e^qplosive  are  inflammability  and 
fluidity.  As  is  clear  from  the  above-mentioned  statement,  also  conditions  of  the 
mechanical  effect  may  be  the  decisive  effect.  Therefore  an  evaluation  of  the 
sensitivity  of  W  irrespective  to  conditions  of  this  effect  are  devoid  of  practical 
meaning. 

In  the  described  experiments  above  we  used  a  10  kg  load  and  applied  only  one 
''eight  of  fall  25  cm  only  because  these  conditions  are  the  most  commonly  used.  It 
is  natural  that  various  f  ^d  loads  can  be  used.  In  exactly  the  same  way  it 
is  possible  to  determine  not  only  frequency  under  given  conditions  of  the  impact, 
but  also  the  lower  limit  of  conditions,  starting  from  the  one 


es^osiono  are  obt«tii«d. 

One  should  dwell  on  the  question  of  testing  liquid  explosives.  Their 

fluidity  is  too  great  with  a  given  diaaeter  of  rollers  and  rate  of  iopact  as 

a  result  of  the  flow  to  produce  heat-ups,  sufficient  for  the  generating  of  an 

explosion.  A  stressed  flow  goierates  in  instrument  No  U  only  with  such  a  thin 

layer  that  no  longer  is  capable  of  being  exploded.  Therefore,  even  if 

the  capability  for  propagation  of  the  explosion  in  the  given  liquid  W  is 

relatively  great,  as  takes  place  in  case  of  nitroglycerine  the  frequency  of 

the/ 

explosions  in  it  results  in  being  close  to  zero.  Ascertaining  /  sensitivity 
of  nitroglycerine,  and  it  is  high,  is  possible  only  in  case,  the  generation  of 
a  heat-up  in  it  during  impact  is  assured  by  certain  special  procedures.  It  is 
possible,  for  example,  for  this  purpose  to  introduce  into  the  nitroglycerine 
hard  particles,  to  make  a  hole  on  the  block-wood  pavement  of  the  roller  or  to 
place  the  liquid  in  a  cup  of  relatively  soft  metal.  Finally,  it  is  possible 
to  assure  the  generation  of  an  explosion  of  nitroglycerine  by  means  of  a  gas 
bubble  ,  by  placing  a  batch  of  W  on  an  anvil  in  the  form  of  ring,  as  did  Bouden, 
or  by  realizing  an  impact  with  the  upper  rollers  raised  somewhat.^  The  real 
great  danger  of  liqiiid  nitroglycerine  in  technology  is  caused,  apparently,  by 
just  the  two  latter  impact  conditions. 

The  statement  on  liquid  Ws  pertains  also  to  such  hard,  but  very  fluid 

and  simultaneously  chemically  little  sensitive  explosives,  as  trotyl.  For  it, 

even  those  the  most  stressed  flow  conditions,  vrtiich  are  created  with  a  uniform 

distribution  of  the  charge,  do  not  result,  as  a  rule,  in  an  explosion  -  with 

small  batches,  because  the  explosion  cannot  be  propogated  in  such  a  thin  layer, 

/ 

with  larger  batches  because  ft  does  not  generate.  Again  also  in  this  case  in 
order  to  obtain  an  explosion,  it  is  necessary  to  combine  conditions  of  i^quisite 

.  See  present  collection  of  ^articles,  peig®  99. 


for  the  generetlon  and  propagation  of  an  ejqploeive  transfomaticm.  This  ms 
observed  in  instrunwit  No  1  with  a  definite  size  of  the  gap^  but  in  instruiaants 
lo  4  and  2  —  within  the  narrow  interval  of  conditions  of  the  experiment  (see 
for  example,  table  4)}  with  the  introduction  of  gxains  steel  into  trotyl,  and 
also  with  the  roller  with  a  hole.  Probably  the  explosion  of  this  W  can  be 
obtained  with  great  frequency  and  undej:]|3rdinary  conditions  of  tests  on  a  drop 
hammer,  after  increasing  the  scale  of  the  experiment  in  order  to  realize  a 
stressed  flow  with  a  greater  thickness  of  the  charge.  Such  conditions  in 
technology  however,  are  rarely  encountered  by  which  a  very  small  sensitivity  of 
trotyl  under  practical  conditions  of  its  use  is  stipulated. 

In  conclusion,  one  must  point  out  that  although  the  described  method  of 

the  test  gives  the  best  idea  on  sensitivity,  by  which  the  standard  is  the 

simpler  and  cheaper  in  execution,  but  still  the  bias  in  principle  of  the  test 

for  sensitivity  during  impact  as  characteristics  of  the  danger  of  explosive  in 

handling,  is  maintained  also  in  it.  This  bias  consists  ,ftLrst  of  all  in  that  the 

test  on  the  drop  hammer  characterizes  chiefly  the  possibility  of  the  generating 

of  seats  of  an  explosion,  but  does  not  give  a  true  idea  on  the  possibility  of  its 

the/ 

propagation.  Besides,  even/possibility  of  the  generation  of  an  explosion 
d\iring  an  ordinary  impact  along  a  normal  is  limited  by  fluidity  of  substance, 
because,  for  example,  azide  of  lead  in  this  case  may  produce  a  lower  frequency 
of  explosions,  than  trotyl.  This  last  defect  can  be  removed  during  the  test  by 
applying  a  slipping  inpact.  For  removal  of  first  defect,  there  is  necessary  a 
test  on  the  orop  hammer  to  supplement  the  determination  of  the  capability  of  W 
for  the  propagation  of  buraing  or  explosion  under  those  conditions,  necessary  to 
determine  the  danger  in  handling  with  a  given  explosive.  Only  such  a 
supplement  will  raako  it  possible  to  establish  that  for  exanple,  perchlorate  of 
ammonium,  on  the  basis  of  frequency  of  explosions  is  close  to  T.  E.  N  and  black 


powdtr^  it  is  incoiqparftbl7  less  dangerous,  than  T.  S.  N.,  inasnuch  as  the 
critical  diameter  for  the  detonation  of  T.  E.  N.  is  only  a  tenth  of  that  for  , ’ 
perchlorate.  Perchlorate  of  assoonium  also  is  by  far  smch  less  dangerous,  than 
black  powder,  because  the  critical  diameter  for  burning  of  black  powder  under 

atmos^ieric  pressure  is  about  1  ma,  but  for  perchlorate  of  ajaacnium  about  33 

CTitical/ 

The  very  low/diaiBeters  for  burning  even  at  atmospheric  pressure  and  for  detonation 
characterizing  the  initiating  e:q)lo8ives  are  the  main  cause  of  their  great 
danger  in  handling.  Inview  of  these  considerations,  one  must  assume  that  in 
the  future,  the  determination  of  the  capability  for  burning  and  detaiation  in 
ccanbination  with  test  for  a  slipping  impact  will  become  the  chief  method  of 
the  characteristic  of  danger  W  in  handling. 

Conclusion 

A  con^lex  method  of  deteirmining  the  relative  sensitivity  of  W  to  mechanical 
effects  is  proposed.  An  explosive  is  subjected  to  impact  between  block-wood 
pavements  of  two  rollers  of  significant  diameter,  in  which  the  space,  sun’cunding 
the  joint  of  rollers  is  openj  the  size  of  the  batch  its  location  on  block-wood 
pavement  of  rollers  vary.  Advantages  of  this  method  in  comparison  with  the 
standard  is  the  great  possibility  of  differentiating  the  chemical  and  physical 
factors  of  the  sensitivity  and  rational  design  of  the  instrument,  which 
considerably  increases  its  life  and  constancy  of  test  conditions  and  lowering 


their  cost. 
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I  5.  Goncerflin/z  the  Questiggi  of  the  Influence  of  Air  Incluaiona  Oa  the 

1  Apsearance  of  Sxsloalogi  Under  laaaact 

!  15ie  asa.jority  of  inveatigators  considers  well-grounded  that  the  chemical  re- 
actlc»i  and  explosion  under  impact  appear  not  frea  mechanical  action  as  such,  but 
as  a  result  of  heatup  caused  by  the  latter.  In  the  question  about  in  what  ways 
heatups  actually  appear  in  different  explosives  and  at  various  conditions  of 
in^jact,  however,  there  is  no  full  clarity. 

Two  main  points  of  view  received  the  biggest  developosnt  lately.  N,  A.  Kholevo 
O'Q  the  main  way  of  excitation  of  the  reaction  at  isqMct  considers  the  flow 
of  the  explosive  and  its  local  heatups,  appearing  due  to  internal  friction. 

Bouden  ClI  claims  that  a  large  role  is  played  inclusions  of  gases  or  vapors 
compressible  under  impact,  especially  in  the  case  of  liquid  explosives.  Numerous 
experiments  of  this  investigator  and  his  collaborators  ^l7  showed  that  the  energy 
of  Impact,  necessary  for  excitation  of  explosion  of  liquid  explosives,  can  very 
greatly  (to  several  orders)  be  decreased  at  introductitxi  of  gas  bubbles  into  the 
explosive. 

These  observations  were  in  the  works  of  Bouden  naturally  explained  by  the  fact 
that  in  gases  during  their  adiabatic  conpression  up  to  a  certain  definite  pressure 
a  much  laigar  tengjerature  is  developed,  than  in  liquids;  the  heated  bubble  of  gas 
heats  up  and  ignites  the  explosive  surrounding  it. 

However,  being  correct,  this  explanaticm,  apparently,  does  not  exhaust. of  the 
roles  of  the  bubbles.  Not  only  high  teBq>erature, is  essential  ,  appearing  at  their 
coaqjression,  but  also  the  conditions  of  interaction,  in  particular  heat  exchange, 
and  the  heated -up  gas  with  the  €oq>lo8ive  adjacent  to  it.  Described  lower  are 
exper iB»nt  8  which  explain  what,  has  been  said. 

ff 


The  initiftl  purpoae  of  these  experiments  was  the  ccHsparison  of  sensitivity 
of  certain  explosives  in  liquid  and  solid  state.  The  experiments  ware  conducted 
in  instrument  No.4^,  In  order  to  ensure  identical  concutions  and  in  particular 
to  prevent  pressing  of  part  of  the  substance  at  the  conventional  setup  of  the 
experiment  with  a  liq;uid  in  a  roller  instrument,  idien  the  upper  roller  by  its  own 
weight  presses  the  liquid,  the  test  explosive  was  placed  on  the  end  of  the  lower 
roller  in  the  form  of  a  drop,  liquid  or  frozen,  and  the  upper  roller  was  secxired 
with  the  help  of  a  rubber  ring  or  weak  spring  at  a  small  height  (<^3  ram)  above 
the. lower  roller.  Such  experiments,  conducted  with  nitroglycerine,  gave  an  un~ 
ejqpectedly  high  frequency  of  explosions  at  the  same  load  and  height  of  fall,  with 
vMch  in  usual  tost  conditions  (upper  roller  before  impacts  is  on  the  explosive) 
the  frequency  of  explosions  was  close  to  zero.  Besides,  it  was  fixed  that  an 
increase  or  significant  decrease  of  quantity  of  liquid  explosive  lowers  the  fre¬ 
quency  of  explosions. 

Thus  it  turned  out  that  in  a  given  case  the  results  of  the  test  are  especially 
sensitive  to  the  conditions  of  the  experiment. 

The  effect  of  a  lifted  roller  is  not  observed  for  all  liquids.  Thus  a  super¬ 
cooled  solution  of  trotyl  in  tetryl  (50:50)  or  liquid  dyne  do  not  show  it  at 
least  under  the  set  conditions  of  the  experiment. 


See  this  collection,  pages  56-58  (original  text). 


Fig.  1.  Influence  of  conditions  of  the  experiment  on  magnitude  of 
energy  of  impact,  necessary  for  excitation  of  a  nitroglycerine  ex- 
piosion( according  to  Bouden  ). 

1)  in  the  striker  is  a  hole  with  a  little  gas  bubble,  2)  in  a  layer 
of  the  explosive  on  the  anvil  are  air  bubbles,  3)  explosive  located 
on  anvil  in  parallel  strips,  4)  explosive  located  on  anvil  in  the 
form  of  separate  drops,  5)  impact  is  produced  by  flat  striker  on  a 
film  of  explosive,  not  containing  gas  bubbles,  6)  the  same  on  a  film 
of  explosive,  containing  gas  bubbles. 

a)  Frequency  of  Explosions  in  b)  Energy  of  impact  in  kgrn. 


Analogous  observations,  apparently,  were  made  also  in  works  of  Bouden  with 
collaborators,  which  explained  the  increase  of  sensitivity  of  an  explosive  to 
iii5)act  by  capture  of  air  to  the  falling  load.  Inasmuch  as  the  action  of  air 
is  more  regularily  and  greatly  developed  in  the  presence  of  deepening  in  the 
striker  or  with  nonuniform  location  of  the  explosive  liquid  on  the  anvil,  Bouden 
allotted  main  attention  to  these  last  conditions  of  the  experiments.  He  notes, 
however,  /~l7»  that  with  a  flat  striker,  falling  on  an  open  layer  of  nitroglycer¬ 
ine,  a  large  value  has  the  diameter  of  the  striker,  with  the  increase  of  which 
the  frequency  of  explosions  increases;  at  a  diameter  of  a  brass  striker  0.6  cm, 

the  explosion  comes  about  very  difficultly,  and  with  a  striker  2.5  cm  in  diameter 
much 

it  is/easler,  iriiich  naturally  explains  the  large  probability  of  capture  of  air. 
Bouden  indicates  also  that  very  thick  layers  of  liquid  are  less  sensitive,  than 
thin  ones,  supposedly  ,  because  in  the  first  case  the  bubble  is  mcare  mobile  and 


can  escape  befcxre  the  pressure  is  increased  to  a  significant  magnitude.  A  de> 

thin 

crease  of  frequency  of  escplosions  is  observed  also  with  too/films. 

At  corresponding  conditi<ri8,  the  entry  in  action  of  "the  bubble"  mechanism, 
the  appearance  of  an  eaqplosicsn  can  lead  to  a  huge  increase  of  sensitivity  of  the 
eaqtlosive  more  accurately,  to  a  decrease  of  the  vrark  of  the  impact,  leading  to 
the  appearance  of  an  explosion.  The  presentation  about  this  influence  is  taken 
ftrom  the  work  of  Bouden  Fig.  1,  showing  the  frequency  of  explosions  of  nitro¬ 
glycerine  depending  upon  energy  of  impact  at  different  conditions  of  the  experi¬ 
ment. 

Bouden  explains  the  observaticns  made  by  him,  especially  in  experiments  vdth 

deepening  in  the  striker,  adiabatic  heatup  of  air  leading  to  ignition  of  the 

ejqjlosive.  The  principal  possibility  of  such  a  mechanism  of  explosive  ignition 

is  indisputable.  In  several  works,  for  example  shown  that  if  the 

explosive  were  placed  in  a  cylinder  with  gas  and  then  this  gas  was  compressed 

with  the  help  of  a  piston  impact,  then  the  explosive  is  ignited.  In  this  setup 

of  the  experiment,  the  mechanism  of  ignition,  offered  by  Bouden,  is  real.  How- 

freely 

ever  upon  in^ct  on  the  surface  of  the  explosive  by  a/  falling  striker,  the 
process  of  ignition,  apparently,  proceeds  somewhat  complexly.  The  air  between 
the  striker  and  anvil,  by  measure  of  their  approach  is  compressed  and  is  set 
into  motion  in  a  radial  direction  with  an  ever  increasing  speed;  during  ccmipress- 
ion  it  heats  up.  Increased  temperature  is  one  of  the  main  factors,  determining 
the  possibility  of  ignition  of  the  explosive.  The  second  factor  — increase  of 
pressure,  which,  as  it  is  known,  increases  inflamnability  of  the  explosive.  The 
third  factor  — mo\'ement  of  gas  along  the  surface  of  the  charge;  tnis  movement  in¬ 
creases  the  heat-transfer  coefficient.  At  last,  the  gas,  moving  along  the  surface 
of  the  charge  at  a  sufficient  speed  of  motion,  can  seise  a  drop  or  particle  of  the 
explosi\"e.  If  this  capture  is  not  too  small  (then  its  influence  is  srosil), 


and  not  too  great  (then  the  admission  of  an  excessively  large  quantity  of  the 
cold  substance  can  lower  the  temperatixre  of  the  heated  up  air),  then  it  can  great- 
‘  ly  increase  the  quantity  of  heat,  emanating  at  compression,  and  lead  to  ignition 

t 

fof  the  main  mass  of  the  explosive. 

In  Table  1  are  experimental  data  about  the  influence  of  elevation  of  the 
upper  roller  of  instrument  No,  4  on  the  frequency  of  explosions  of  certain 
explosive  in  drop  hammer  tests.  For  illustration  of  the  peculiarities  of  location 
of  the  explosive  charge  in  23 — 26  series  of  these  experiments  in  Fig.  2  is  given 
the  corresponding  diagram. 

Let  us  consider  the  data  of  Table  1  in  light  of  the  above-expressed  consider¬ 
ations  about  the  mechanism  of  ignition  of  an  explosive  by  air,  heated  up  upon 
impact. 

Both  for  nitroglycerine,  and  also  for  nitroglycol  the  frequency  of  explosions 
with  an  elevated  roller  is  much  greater  than  with  a  roller,  placed  on  the  liquid. 
The  numbers  in  Table  1,  when  they  are  close  to  zero  or  to  ICX^,  naturally,  incom¬ 
pletely  characterize  the  phenomenon,  but  the  sharp  difference  between  results  at 
various  positions  of  the  roller  is  indubitable.  For  both  explosives  is  observea 
a  certain  optimum  magnitude  of  weight,  the  increase  or  decrease  of  which  decreases 
the  frequency  of  explosions.  For  gelatinized  nitroglycerine  (series  of  exper¬ 
iments  14 — 18)  the  effect  of  the  elevated  roller  is  completely  preserved 


This  circumstance  was  somewhat  unexpected.  Gelatinized  nitroglycerine 
contained,  as  usual,  many  aij^ubbles  and  was  not  specially  processed  for  their 
removal.  Nonetheless  with  an  elevated  roller  the  frequency  of  explosions 
sharply  increased.  This  confirms  the  fact  that  a  bulfols,  formed  on  the  surface, 
is  imich  more  effective  in  the  sense  of  excitation  of  an  explosion,  than  that  in 
the  mass  of  the  substance.  In  this  connection  one  should  turn  attention  to  the 
following  circumstance.  If  the  explosive  beforehand  is  covered  by  a  rollsr  or 
foil,  then  adhesional  contact  between  them  is  established.  Upon  impact  by 
elevated  roller  the  explosive  arrives  in  contact  with  the  sjurface  of  the  metal  so 
fast  that  adhesional  contact  cannot  be  established. 


Table  1 


Influence  of  elevation  cf  the  upper  roller  above  the  lower  one  on 
the  frequency  of  explosions  in  tests  of  certain  liquid  and  solid 

explosives  on  a  drop  hamasr 
(instrument  No  weight  of  load  10  kg,  height  of 
fall  25  cm,  number  of  experiments  in  series  25  ) 
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1)  No.  of  series  of  experJjnents;  2)  Explosive  and  Its  location  on 
roller  of  instrument;  3)  i'feight  of  explosive,  milligrams;  4)  Fre¬ 
quency  of  explosions  in  %  with  roller;  5)  Elevated;  6)  Icwered; 

7)  Ncte;  8)  Nitroglycerin'  in  the  form  of  a  drop;  9)  Nitroglycol 
in  the  fonn  of  a  drop;  10)  Nitroglycerine,  gelatinized  ,  lo¬ 
cated  as  a  lump  in  the  center  of  the  roller;  il)  In  explosive  are 
placed  2 — 3  grains  of  steel;  12)  Hole  in  weight. 
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*  In  denominator — number  of  experiment e,  in  numerator — number  of 
explosives 

*  *  At  lowering  of  roller  on  a  small  pile  of  euqjlosive  (da«5  am)  it 
is  crushed:  powder  is  distributed  on  a  large  area  (d  »  10  nm).  If 
asides  of  calcium  <uid  lead  are  applied  not  to  a  looee  small  pile, 
but  in  the  form  of  tablets  pressed  by  hand  5  nia  in  diameter,  then 
with  a  lowered  roller  lOC^  of  the  eoqslosions  occur;  with  that  same 
weighty 20  ndlligrams)  and  large  diameter  of  the  tablet  (10  am)  the 
frequency  of  explosions  falls, 

1}No.  series  of  experiments;  2)Ibqplosive  and  its  location  on  roller 
of  instrument;  3) Weight  of  explosive  in  milligrams;  4) Frequency  of 
esqilosions  in  %  with  roller;  5)ole¥!ated;  6)lowered;  7)Note;  8)Nitro- 
glycerine,  gelatinised  (7$),  located  evenly  all  along  the  roller;  be¬ 
tween  explosive  and  upper  roller  of  foil;  9)The  same,  but  wei;^t  is 
located  as  a  lump  in  the  center  of  the  roller;  between  esq^losive  and 
upper  roller  of  foil;  10)  Dyne  (crystallised  drop);  11)  Tetryl  (cry- 
stidliaed  drop);  12)Kexogene,  located  in  the  f(rm  of  a  small  pile  in 
center  of  rollw;  13)Alloy  of  trotyl  with  tstryl  50:50  (supercooled 
drop);  14)Nitroglycerine  (frosen  drop);  15)Lead  aside,  located  in  the 
form  of  a  smll  pile  in  center  cf  roller;  i6)Calcium  aside,  located 
In  til®  farm  of  a  ®sall  pile,  ic.  center  of  roller;  i7.)Fig.;  18)Explo- 
siv©  covered  by  fdil.  '  ’ 


Frequency  of  exploeions  increases  and  with  a  lowered  roller,  if  a  small  hole  is 
made  c«  the  surface  of  the  charge  (series  of  experiments  19 — 22),  Distinction 
in  frequency  of  explosions  with  elevated  and  lowered  roller  was  observed  for 
frozen  nitroglycerine,  but  in  this  case  it  is  less. 

The  effect  of  the  elevated  roller  is  developed  also  in  that  case,  if  impact 
by  nitroglycerine  is  accomplished  through  a  circle  of  tin  foil  (thickness  0,05  lan) 
Here,  if  the  foil  is  secured  to  the  upper  roller  (Fig.  2b  and  2d),  then  the  fre¬ 
quency  of  explosions  is  obtained  100^,  as  without  the  foil.  If  however  it  is 
placed  on  nitroglycerine  (Fig,  2a  and  2c),  then  the  frequency  of  explosions  is 
nearly  50^. 

For  other  studied  solid  secondary  explosives  (dyne,  tetryl,  hexogene)  the 
influence  of  the  position  of  the  roller  does  not  show.  It  is  possible  that  this 
is  connected  with  the  relatively  small  diameter  of  the  rollers,  since  capture 
and  compression  of  air  undoubtedly  depends  on  this  diameter. 

Otherwise  there  is  the  matter  with  a  solid  initiating  explosive-lead  azide 
and  calcium  azide. 


Fig.  2.  Diagram  of  location  of  explosive  charge  and  foil  in  certain 

experiments  of  Table  1. 

a — even  location  of  substance,  covered  by  foil,  b— foil  is  soldered 
to  upper  roller,  c — weight  is  located  in  center  of  roller  and  cover¬ 
ed  by  foil,  d — foil  is  soldered  to  upper  roller, 

1)  Foil;  Substance, 


In  these  conditions  the  high  sensitivity  of  the  explosive  is  not  lowered 
and  vdiile  on  the  surface  of  the  striker  instead  of  steel  there  is  layer  of  tin, 
the  temperature  of  melting  of  which  (232“ )  is  much  lower  than  the  minirmim  temp¬ 
erature,  necessary  accordlng'to  Bouden  for  explosion  a  impact  (400“ ), 


1 

1 

With  an  tlavatad  roller  the  frequency  of  e3q>loaion8  of  lead  aside  constitutes 

i 

^  100^,  with  a  roller,  standing  on  the  explosive, — This  circumstance  is 

interesting  already  because  for  solid  nonmelting  substances,  which  both  these 
I  are/ 

•  a*ide8/7it  is  difficult  to  present  that  mechanism  of  capture  and  concession  of 
gas  bubble,  that  Bouden  takes  for  liquids. 

Eaq)erimsnts  with  asides  allowed  to  make  observations,  casting  same  li^t  on 
the  cause  of  the  considered  effect.  When  an  explosion  occiurs  with  an  elevated 
roller,  then  the  trace  from  the  explosicm  to  the  ends  of  the  rollers  by  diameter 
is  significantly  greater  than  the  diameter  of  the  tablet;  with  a  lowered  roller 
the  diameter  of  the  inc^nt  is  the  sane  as  the  original  tablet.  This  confirms  the 
fact  that  upon  impact,  with  an  elevated  roller  before  the  appearance  of  an  explosion 
the  charge  was  e3q)anded  in  a  radial  directicm,  apparently,  as  a  result  of  entrain¬ 
ment  of  aside  by  air,  displaced  from  the  space  between  rollers. 

£}q>eriment8  with  inert  powder(chalk)  showed  that  the  tablet^  upon  impact  on 
it  by  an  elevated  roller  is  scattered  all  along  the  end.  When  inqMct  is  produced 
on  a  roller,  lowered  on  the  tablet,  it  is  crushed,  but  is  not  scattered. 

The  fact  that  the  effect  of  the  elevated  roller  is  observed  not  only  for 
liquid  nitro  esters,  but  al.so  for  azides  of  lead  and  calcium,  naturally,  one 
should  connect  with  the  relatively  high  combustibility  of  the  latter,  significant¬ 
ly  greater  at  increased  pressiires,  than  other  studied  explosives.  Apparently, 
this  is  stipulated  by  the  fact  that  the  energy  content  in  the  compressed  air, 
is  very  low  and  for  ignition  of  difficultly  combustible  explosives  it  is  insuffi¬ 
cient. 


One  should  indicate  that  the  effect  of  an  elevated  roller  is  very  close  to 
that,  which  Bouden  studied  in  experiments  with  a  striker,  having  a  hole  with 
a  border  around  it. 


(•>>  (.*)  (A) 


Fig,  3.  Diagram  of  location  of  parts  of  the  instrument  in  exper- 
.iments  for  explaining  the  influence  of  a  hole  on  the  appearance 
of  explosion  at  impact. 

a — border  of  hole  only  touches  a  drop  of  substance,  b— upper  rol¬ 
ler  without  hole  only  touches  a  drop  of  substance,  c — upper  roller 
is  lowered  and  border  of  hole  stands  on  lower  roller, 

1)  spring  for  fixation  of  roller  on  definite  height,  2)  upper  brass 
roller,  3)  hole,  4)  border,  5)  drop  of  substance,  6)  connecting 
piece  with  cutout,  7)  lower  steel  roller. 


V/e  conducted  a  series  of  experiments  with  such  a  striker.  The  results  obtain¬ 
ed  are  in  Table  2,  Diagrams  of  the  location  of  parts  of  the  instrument  and  pec¬ 
uliarities  of  its  design  in  these  experiments  are  presented  in  figures  3  and  4. 

The  experiments  confirmed  the  observations  of  Bouden  about  the  high  fre¬ 
quency  of  explosions  of  nitroglycerine  in  such  conditions  (Table  2,  series  of 
experiments  1 — 2).  For  obtaining  of  high  frequency  it  is  necessary,  however  so 
that  the  upper  roller  is  lifted  to  a  certain  height  above  the  lower,  so  that  the 
edge  of  the  border  is  above  a  drop  of  the  explosive  or  at  least  within  the  limits 
of  the  drop,  as  in  Fig,  3a.  If  the  uppei  roller  with  hole  is  lowered  to  the 
lower  one  (Fig,  3c),  then  the  high  frequency  of  explosions  is  not  observed  (Table 
2  series  of  experiments  4—6). 

It  is  possible  that  the  action  of  air  in  the  hole  in  this  case  is  not  ex¬ 
hausted  by  its  compression  and  heatup.  We  attempted  to  check  this,  placing 
nitroglycerine  in  a  cup  of  plastic  material  (an  alloy  of  bees  wax  and  gun 


lubricant)  and  subjected  it  to  impact  by  a  roller  with  a  hole  and  without  it  in 
instnuaent  No.  1  with  a  small  gap*  filled  with  the  saioe  alloy  (Table  2,  series 
of  experiments  7 — 9,  Fig.  4a  and  4b).  In  these  conditions  there  should  occur 
only  conqpression  of  bubblesi  flow  of  the  explosive  was  hampered  large  resistance 
to  flowing  of  viscous  material  in  narrow  gaps  between  roller  and  connecting  piece 
however  in  these  e3q)eriments  of  such  influence  of  a  hole,  vdiich  was  noted  in 
experiments  with  a  connecting  piece,  arranged  on  the  type  of  instrument  No.  4 
(Fig,  4c  and  4d),  was  not  fixed  and  the  frequency  of  explosions  was  high  both 
with  the  hole,  and  also  vdthout  it. 


Table  2 


(See  Table  2  On  Following  Page) 


Table  2 


Influence  of  mechanism  of  instrument  and  conditions  of 
in^ct  on  frequency  of  explosion  of  nitroglycerine 
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1)  No.  of  series  of  experiments;  2)  Weight  of  explosive  in  milligrams;  3) 
^oad,  g;  4)  Height  of  fall  of  load,  cm;  5)  Number  of  explosions;  6)  Num¬ 
ber  of  experiments;  7)  No,  of  figure,  illustrating  the  location  of  parts 

of  instrument. 


I,  Increased  frequency  of  explosions  vdth  the  upper  roller  having  a  hole 
with  a  border  on  the  end  (upper  roller  is  raised  above  the  Icerer  one  and 

only  touches  the  drop  of  nitroglycerine) 

II,  Low  frequency  of  eoqplosions  using  a  roller  with  a  hole  having  a  bor¬ 

der,  but  lowered  until  it  touches  the  end  of  the  lower 

roller 

III,  Absence  of  influence  of  hole  with  bca*der  at  henq5©J*®d  conditions  of 

‘  flow  of  explosives. 


Fig.  4.  Diagram  of  location  of  parts  of  a  device  in 
esqperiments  illustrating  the  absence  of  the  influence 
of  a  hole  in  hauqjered  conditions  of  the  flow  of  an  ex¬ 
plosive. 

a)  upper  roller  vathout  hole,  device  No.  1,  b)  upper 
roller  with  hole,  device  No.  2,  c)  upper  roller  with¬ 
out  hole,  coupling  with  groove,  d)  upper  roller  with 
hoj_e,  coupling  with  groove. 

1)  Substance;  2)  Wax;  3)  Hole, 

If  we  exclude  the  fall  of  nitroglycerine  in  a  gap  (experiments  in  instrument 

Fig^  4c  and  4d),  then  the  frequency  of  explosions  in  the  absence  of  a  hole  is 

sharply  decreased.  Consequently,  the  hole  by  itself  in  these  conditions  is  less 

effective  than  a  narrow  gap. 

Due  to  the  fact  that  nitroglycerine  is  very  sensitive  to  inpact,  if  it  is 
given  the  possibility  to  leak  into  a  narrow  gap,  and  was  not  checked,  then  the 
effect  of  a  hole  in  the  absence  of  flow  of  this  explosive  at  impact  will  be 
developed. 

In  light  of  these  observations  it  Is  probable  that  with  a  roller  having  a 
hole,  as  in  the  case  of  a  flat  roller,  an  essential  role  is  played  by  the  flowing 
of  compressed  and  heated  air  through  the  narrow  gap  between  the  border  hole  and 
the  lower  roller.  The  fact  that  such  a  flow  takes  place,  is  shown  by  the  experi¬ 
ments  of  Bouden  C^J >  'wHich  connected  it  with  an  e3q)lo8ion  in  the  hole;  in  our 
eoqperiments  flowing  with  a  breakthrough  of  the  border  of  the  hole  was  observed 
also  upon  replacen»nt  of  nitroglycerine  to  an  inert  liquid.  The  tense  flow  of 
nitroglycerine  upon  crusliing  it  through  a  narrow  slot,  which  can  promote  the  air 


bubble  compreseed  in  the  holloNr^  apparently^  is  the  main  cause  of  the  light 
appearance  of  an  explosion  in  these  cc»Kiitions. 

On  the  vjhole  the  described  observaticms  once  again  show  the  variety  of  ways, 
that  the  energy  of  a  mechanical  action  can  be  concentrated  in  an  esqjlosive  to  a 
degree,  sufficient  for  the  appearance  of  explosion.  The  magnitude  of  energy, 
necessary  for  excitation  of  an  eoqjlosion,  is  very  small  and  constitutes  an  in¬ 
significant  fraction  of  the  total  energy  of  inpaet.  Therefore  a  decisive  role 
for  the  appearance  of  an  e:qplosion  can  Se  played  not  so  much  by  the  energy  of  the 
action,  but  its  distribution  in  the  explosive.  In  those  conditions,  vriiich 
especially  favor  concentration  of  energy,  an  explosion  can  appear  frcm  very  weak 
influences. 

Let  us  add  that  the  conditions  of  impact,  vhich  are  considered  in  this  article, 
are  completely  real  and  in  production.  In  connection  with  the  fact  that  these 
conditions  simultaneously  are  quite  specific,  it  is  possible  that  precisely  their 
accidental  reproduction  also  was  the  cause  of  seme  of  the  sudden  explosions, 
occurring  in  the  manufacture  nitro  esters  and  explosives  on  their  base. 

Conclusions 

The  frequency  of  explosions  of  certain  highly  sensitive  explosives  (nitro¬ 
glycerine,  lead  azide  et  al, )  at  inqjact  is  sharply  increased,  if  the  roller, 
transmitting  the  blow,  is  not  placed  on  the  substance,  but  is  at  a  certain  height 
above  it. 

This  effect,  apparently,  is  cor-iected  with  the  capture,  compression  flow  of 
air,  le<\ding  to  ignition  of  the  explosive. 
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K.  K.  Andreyev  and  Yu.  A.  Terebllina 

6.  Concerning  the  Question  of  H«^chanigm  of  App»  -^ance  of  Explosion  During 
Test  of  Senaitivlty  to  Impact  in  a  Roller  Inatrvai^nt 


As  was  shown  by  the  investigations  of  N.A.  Kholevo  /*'l_7»  >  explosion 

during  impact  on  a  drop  haiamer  under  test  conditions  in  roller  instrument  occurs 
because  of  flow  of  the  explosive  compressed  by  the  impact.  Distinctions  in  the 
speed  of  movement  of  various  layers  of  the  flowing  explosive  stipulate  the 
appearance  of  internal  friction  and  local  heat  ups,  leading  to  explosion. 

According  to  Kholevo,  in  roller  instrument  Ko.  1  (Fig.  1),  explosion  us’>ally 
appears  not  between  the  roller  faces,  but  in  the  radial  clearance  between  the 
roller  and  sleeve.  This  circumstance,  if  it  had  direct  experimental  confirmation, 
would  serve  as  convincing  proof  of  the  decisive  i*ole  of  explosive  flow  in  the 
process  of  triggering  of  explosion  by  impact  on  a  drop  hammer.  Till  now,  however, 
the  triggerlTig  of  explcaion  in  the  radial  clearance  has  been  judged  by  indirect 
data,  namely  oy  the  more  higher  frequency  of  explosions  of  flowi.ng  explosives  in 
instrument  No.  1  as  compared  to  those  in  instrument  No.  2.  Results  of  these 
experiments  allowed  different  interpretation.  As  it  would  have  been  possible  to 
allow  that  the  presence  of  the  groove  in  instrument  No.  2  leads  to  decreased 
resistance  to  the  escape  of  the  explosive  from  the  space  between  the  roller 
faces  in  consequence  of  which  the  pressure  obtainable  during  impact  is  lowered, 
leading  to  an  increase  in  the  number  of  refusals.  It  was  possible  to  allow  also 
that  in  instrument  No.  1  at  the  triggering  of  explosion  there  occurs  a  sharp  (by 
90®)  change  of  direction  of  movement  of  the  extruded  explosive  during  its  transfer 


/'V 


ftcss-  the  speee  between  the  roller  feces  into  the  redial  clearance.  Additional 
basis  in  favor  of  the  last  assus^pticm  is  contained  in  the  results  of  experii&ents 
with  nitroglycerine  and  certain  other  explosives  in  instrument  No.  4^,  vrtiere  the 
frequency  of  explosions  is  small,  although  thanks  to  the  large  diameter  of  the 
rollers  the  length  of  the  path  of  explosive  flow  is  the  same  as  in  instrument  No. 
1. 

The  goal  of  the  experiments  described  below  was  to  prove  directly  that  the 
flow  of  explosive  in  tKe  radial  clearance  of  a  roller  instnaant  can  lead  to 
explosion.  Side  by  side  with  this,  the  experiments  ahoxild  determine  precisely 
why  such  flow  loads  to  explosicai.  Finally,  they  allowed  to  detect  that  in  the 
usual  conditions  of  test  on  a  drop  haioBer  even  organic  nonexplosive  substances 
are  deccmiposed;  this  shows  that  flow  during  impact  leads  to  significant  heat  ups. 


Fig.  1.  Diagram  of  roller  instrument  No.  x  for  teat  of  senaxtivlry  of 
explosives  to  Impact. 

1)  F  lOj  2)  Roller;  3)  Subetance;  4)  Sleeve;  5)  Bottom  plate. 


Fig.  2.  Diagram  of  assembly  of  instrumeat  No.  2  for  apqprmieal  of  influence 
of  change  of  direction  of  explosive  flow  on  frequency  of  explosions: 
a  —  groove  of  instrument,  filled  with  wpx;  b  inetrummit  in  inverted  view; 

1)  Wax. 


^See  present  edlleetite,  pive74'> 


On  Aacertalnlng  the  Influence  of  Change  In  Direction  of  Hoveroant  of 
fixploaive  in  Instrumenc  Wo.  1 

In  thece  experiments  two  versions  of  assamblj’-  of  instinament  No.  2, shown  in 
Fig.  2,  were  applied.  In  the  first j  the  groove  was  filled  with  wax  (Fig.  2a). 

It  was  natural  to  consider  that  the  presence  of  the  wax  would  soften  assumed  blow 
and  would  make  less  sharp  the  change  of  direction  of  flow  from  horizontal  to 
vertical.  In  the  second  version  (Fig.  2b)  the  sleeve  was  overturned  and  thus 
condition  of  charge  flow  near  to  those  inherent  in  instrument  No.  1  were  created. 
Results  of  the  tests  are  given  in  Table  1.  With  both  versions  of  the  experimental 
setup  the  frequency  of  explosions  appeared  practically  identical  (series  1  and  2). 
To  this  one  should  to  add  that  the  frequency  of  explosions  of  liquid  and 
gelatinous  nitroglycerine  remained  significant,  if  instead  of  instrument  No,  1  an 
instrument  prescribed  by  All-Union  Govemmant  Standard  2065 — 43 »  with  flats  on  the 
rollers  (32%  for  liquid  nitroglycerine  with  a  sample  of  0.03  g  and  92%  for  10^ 
leg  gelatinous  nitroblycerine  with  a  sample  of  0,05  g) .  In  this  instrument  the 
change  in  the  direction  of  movement  was  less  sharp  than  with  iroUers  without  flats. 

According  to  the  series  of  these  data  one  would  c-^nslude  that  a  change  in 
direction  of  explosive  during  test  in  instrument  No,  1  does  not  render  an  essential 
influence  on  the  results  of  the  experiment. 


Table  1 


(See  Table  1  on  Following  Page) 


Table  i 


Influence  of  explosive  flow  conditions  on  frequency  of  explosion  of 
nitroglycerine  and  tetryi  during  tests  on  a  drop  hantaer 
(load  10  kg,  height  of  fall  25  cm,  nusabar  of  experiments  per  series  25) 
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1)  Number  of  series;  2)  Sample,  mg;  3)  Gap,'»»microns;  k)  Conditions  and  setup  of 
experiment;  5)  %  explosions;  6)  Average  rebound  of  load  at  refusals,  cm;  7) 
Nitroglycerine.  Influence  of  change  of  direction  of  explosive  flow  on  fi^uency  of 
explosions;  8)  Fig.;  9)  Nitroglycerine.  Kffect  of  height  of  upper  gap  and  of  filling 
of  lower  gap  by  wax  on  frequency  of  explosions;  10)  Total  hei^t  bf  gaps  18  nn; 
volume  of  gaps  8  acr.  Fig,  3a t  13)  Lower  gap  filled  with  wax;  upper  gap  height,  7  mm, 
its  volume  3  asK.^Fig.  3b;  12)  Lower  gap  filled  with  wax;  upper  gap  height,  3  am, 
its  volume  1.3  amr.  Fig.  3c;  13)  Total  height  of  gaps  18  mb,  their  volume  8  taey. 

Fig.  3a;  14)  Lower  gap  filled  with  wax;  v.pper  gap  height  9  m,  its  volume,  4  am^; 

2  series  of  25  experi^nts.  Fig.  3d;  15)  Lower  gap  filled  with  wax;  upper  gap  height, 
7  a«,it«  volume^  3  Ma3,  2  seriee  of  25  eXperimente .  Fig,  3b|  16)  Lower  gap  filled 
with  wax;  upper  ^*6  height,  3  a»,  its  volume,  1.3  Fig^^Jc;  17)  Lower  gap  filled 
with  wax;  upper  gap  height,  2  am,  Its  volume,  1  aia3.  Fig.  3c. 
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1-6)  same  as  Table Ij  7)  Tetryl.  Effect  of  height  of  upper  gap  and  filling  of  lower 
gap  with  wax  on  frequency  of  explosions;  8)  Height  of  gaps  18  nm.  Fig,  3a;  9) 

Lower  gap  filled  with  wax;  upper  gap  height,  ?  am,  its  volume,  5  noK.  Fig.  3b; 

10)  Lower  gap  filled  with  wax;  upper  gap  height,  2  mm,  its  volume  1.5  mnK.  Fig.  3c; 

11)  Lower  gap  filled  with  wax;  upper  gap  height,  9  nan,  its  volume,  6  ram^,  pig.  3^. 

12)  Lower  gap,  filled  with  wax;  upper  gap  height,  7  an,  its  volume,  5  nsa^.  Fig.  3b; 

13)  Lower  gap  is  filled  with  wax;  upper  gap  height,  2  nm,  its  voliune,  1.5  on^.  Fig. 
3c;  14)  Lower  gap  filled  with  wax;  upper  gap  height,  7  mm,  its  volume  3  Fig.  3b 

15)  Lower  gap  filled  with  wax;  upper  gap  height,  3  nm,  its  volmne  1.3  niii3.  Fig.  3c; 

16)  Part  of  lower  gap  filled  with  wax.  Fig.  4. 


♦Difference  of  Diameters  of  canal  of  sleeve  and  roller. 

♦♦Nxunerator  *=  number  of  axploeione,  denominator  *=  number  of  experiment!. 
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ion  of  Possibility  of  Sg-  .pe  of  Liqxxld  Exploaiv 


For  th«se  experiments  the  instriuents  were  set.  up  by  the  diagrams  shown  in 
Tigs.  3  and  U,  In  instrument  No.  1  during  the  usual  set  up  of  experiments  (Fig.  3a} 
liquid  could  flow  through  both  the  upper  and  lower  gaps;  the  frequency  of  explosions 
constituted  (series  3).  If  the  lowdi*  gap  is  filled  with  wax  (Fig.  3b),  the 
frequency  of  explosions  is  doubled  (series  h);  if  the  height  of  the  upper  gap  is 
decreased  from  7  to  3  mm  (Fig.  3c),  then  even  in  this  case  tho  frequency  of 
explosions,  if  it  is  decreased,  it  is  insignificantly  (series  5). 


Fig.  3.  Diagram  of  assembly  of  instrument  No.  1  for  determination  of 
influence  of  limitation  of  escape  of  liqtaid  explosive  on  frequency  of  explosions, 
a  —  orc'dnary  assembly;  b  —  lower  gap  filled  with  wax,  height  of  upper  gap 
7  mm;  c  —  lower  gap  filled  with  wax,  height  of  upper  gap  3  mm;  d  —  lower 
gap  filled  with  wax,  height  of  upper  gap  9  mm. 


Fig.  4.  Diagram  of  assembly  of  instrument  No.  2  for  c.larification  .f 
influence  of  extrusion  of  explosive  into  groove  on  frequency  of  explosions. 

A  systematic  study  of  the  effect  of  gap  height  was  conducted  with  the 
sample  decreased  to  2  mg.  In  these  conditions  in  instrument  No.  1,  set  up 
according  to  the  diagram  3a,  explosions  did  not  occur  (in  15  parallel  experiments). 
Filling  the  lower  gap  with  wax,  at  a  height  of  the  upper  of  9  naa  (Fig.  3d), 
increased  the  frequency  to  12— 405^.  After  a  decrease  in  the  he.ight  of  the  u^jer 
gap  to  7  mm  the  frequency  grew  to  80^;  repeated  experiments  gave  the  same  insult. 

_A  further  decrease  in  the  height  of  the  gap,  to  3  (series  9),  lowered  the 
freqtiiwMiy  of  by  t%^«e|  at  a  gap  height  of  2  »  it  was  Icwered  to  12^. 


It  is  interesting,  however,  that  on  increase  of  gap  height  to  9  nm  led  to  a 
decrease  in  frequency  of  explosions  to  12 — UO^.  It  is  possible  that  in  the  last 
case  the  sample  was  insufficient  to  be  extruded  through  the  narrow  part  of  the 
gap;  it  is  not  excluded  that  starting  combustion  of  the  explosive  is  extinguished 
by  the  subsequent  lowering  of  pressure  caused  by  the  ejection  effect. 

Experiments  with  tetryl  showed  that  it  is  less  "sensitive"  to  height  of  gap 
and  with  a  sample  in  20  mg  gave  a  frequency  of  over  80^  both  in  the  usual 
conditions  of  instrument  No.  1,  with  filling  of  the  lower  gap  with  wax,  and  also 
with  a  decrease  in  the  height  of  the  upper  gap  to  2  mm. 

An  increase  in  the  sample  at  a  given  gap  led  to  a  significant  decrease  in 
explosion  frequency  (series  15,  16  and  17^).  It  is  possible  that  in  the  case  of 
tetryl  with  its  lesser  fluidity  (as  compared  to  nitroglycerine)  explosion  appears 
between  the  roller  face?,  and  the  role  of  gaps  reduces  to  securing  a  certain 
resistance  to  outflow.  Tf  It  is  too  great,  the  exhaust  velocity  is  small  and 
explosion  does  not  occvur  (large  sample  or  narrow  gap,  series  18  and  19) .  If  it  is 
less,  then  explosions  occur  with  great  frequency.  At  a  large  gap  (40  microns)  and 
a  sample  of  50  mg,  the  height  of  rebound  of  load  is  almost  twice  less  than  with  a 
sample  of  20  mg.  This  shows  that  expenditure  of  energy  on  extrusion  is  great  and 
i.n  the  first  of  two  r.psea  ' significantly  larger. 

Experiments  in  the  Absence  of  Explosive  Substance  Between  Roller  Faces 

The  diagram  of  assembly  of  instrument  for  these  experiments  is  shown  in  Fig. 

placed 

5.  Between  th'e  roller  faces  there  is /a  layer  of  wax  0.5  mm  thick,  the  lower  gap 
i?  ».  Iso  filled  with  wax.  In  the  upper  gap  a  sample  of  nitroglycerine  is  introduced. 

^e  will  note  one  original  observation.  In  experiments  of  series  19, 
cond*  ?ted  under  conditions  near  to  those  of  series  18,  but  distinguished  by  the 
fact  tuat  explosive  was  extruded  not  into  the  free  space,  but  into  the  groove  (see 
Pig.  h  find  Fig  3c),  the  frequency  of  explosions  strongly  increased.  Such 
influence  of  the  groove  had  been  shown  frequently  earlier;  its  cause  is  not  wholly 
clear. 


For  this  droplets  of  it  are  deposited  in  different  places  in  the  upper  part  of 
the  sleeve  channel;  then,  vrLth  slow  turning,  the  upper  roller  is  introduced,  so 
that  no  nitroglycerine  lands  on  the  roller  faces.  Results  of  tests  are  shown 
in  Table  2.  The  frequency  of  explosions  of  experiments  of  series  1  constituted 
27^.  '  • 

In  the  second  series,  wax  was  forced  from  the  space  between  the  faces  by 
consecutive  impacts  to  such  un  extent  that  reboxmd  of  load  at  impact  was  near  to 
that  obtained  during  control  experiments  (17.5  cm).  The  frequency  of  explosions 
in  this  case  was  even  somewhat  larger  (40^),  than  in  the  preceding  series. 


Fig.  5.  Diagram  of  assembly  of  instrument  No.  1  for  determination  of 
sensitivity  of  explosive  located  in  radial  clearance  of  instrument. 

1)  Explosive;  2)  Wax. 

During  fourfold  repetition  of  experiments  in  slightly  different  versions 

»l»a/ 

(with  respect  to  thickness  of  wax  layer,  presence  or  absence  of  flats /of  SMiple 
explosions  were  also  obtained  with  more  or  less  frequency.  This  frequency  was 
clearly  '.^r^er  in  those  conditions  in  which  the  rebound  was  larger,  i.e.,  when 
higher  pressures  were  attained. 

In  connection  with  by  the  fact  that  in  the  presence  of  wax  between  the 
rollers  explosion  is  difficult  to  distinguish  from  refusal,  there  were  conducted 
analogous  experiments  (series  3,  4  and  5)  in  a  ’’gas"  instrument  (description 
given  below),  allowing  more  reliable  judgement  of  the  presence  of  explosion. 
Results  of  experiments  in  ''gas*'  instrument  appeared  approximately  the  same  as 


those  in  the  first  two  series. 


Table  2 

Sensitivity  of  nitroglycerine  ■>feen  it  is  present  on^y  in  the  gap  cf' 
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I)  No.  of  series  of  experiments j  2)  Sample  of  nitroglycerine,  mg;  3)  Gap, 
microns;  U)  Experimental  conditions  (Diagram  of  assembly  of  instrument.  Fig.  5); 

5)  %  explosions;  6)  Average  height  of  rebound  of  load  during  refusals,  cm;  7) 

Cake  of  wax,  height  0.5  nan:  nitroglycerine  only  in  gap;  8)  Layer  of  wax  so  small 
that  under  impact  the  maximum  rebound  is  obtained;  but  during  the  experiment  >mx 
is* not  forced  into  gap;  9)  Experiments  in  "gas"  instrument;  10)  Cake  of  wax 
weighing  0.05  g  is  located  or.  face.  Upper  roller  is  pressed  to  wax  from  hand; 

II)  On  face  of  roller  there  is  a  layer  of  wax  of  such  small  thickness  that  maximum 
rebound  is  obtained,  but  during  experiments  wax  is  not  forced  into  the  gap;  12) 
Sample  of  nitroglycerine  taken  frpm  calculation  of  complete  filling  of  gap. 

Thus,  the  tests  showed  that  in  a  roller  instrument  explosion  under  impact 
can  occur  in  that  case  when  there  is  no  explosive  between  the  roller  faces  but  only 
in  the  gap  between  the  upper  roller  and  the  sleeve. 

It  is  natural  to^  ask,  in  vdiat  way  these  explosions  are  triggered,  both  in 
general  and  especially  in  those  cases  when  there  is  no  substance  between  the 
roller  faces  that  would  be  extruded  during  impact  and  lead  to  movement  of  the 
liquid  explosive  in  the  gap. 


J?ost  probably  cause  of  this  movsjaent  and  explosion  is  the  deformation  of 
rollers,  ii^iich  take  a  barrel -like  form  under  impact.  In  expanding  they  displace 
the  liquid,  forcing  it  to  be  pressed  through  the  narrov»‘ed  part  of  gap,  T»diare 
explosion  occurs.  This  e;qjlosion  can  be  spread  into  the  adjacent,  thicker  part 
of  the  annular  layer  of  compressed  exploeive.  In  confirmation  of  this  assumption 
about  the  mechanism  of  triggering  of  explosion  in  the  considered  conditions,  it  is 
possible  to  point  out  that  with  replacement  of  the  two  rollers  by  one  of  twice  the 
Iwigth  (prepared  frcaa  somewhat  softer  steel)  during  15  experiments  with  a  sample  of 
10  mg  and  a  gap  of  2?  microns  not  one  explosion  occurred,  also  there  were  none  in 
four  experiments  with  a  gap  of  45  microns. 

The  fact  that  under  impact  in  Instrument  No.  1  the  flowing  substance  is 

subjected  to  sufficiently  intense  thermal  influences  is  shown  by  experiments  with 

a 

wax,  which  f.onn/sd  /Sail  cloud  of  smoke  under  Impact .  In  order  to  estimate 


quantitatively  the  reaction  proceeding  under  impact  reaction,  an  earlier-developed 
"gas"  instrument,  allowing  to  measure  the  volume  of  gases  formed  at  impact  was 
applied.  This  instrument  (Fig.  6)  represents  a  chamber,  having  a  mobile  striker 
and  aperture  for  axhaust  of  gases  to  a  U-shaped  manometer  filled  with  dibutylphthalate 


iPig.  6.  Diagram  of  instrument  for  measurement  of  quantity  of  gases  emitted 
during  explosion. 

1  — ^rikerj  2  —  Cover;  3  —  Rubber  diaphragm;  4  —  Housing;  5  —  Rollers; 
4  —  igleeve;  7  —  Base;  8  —  /~tsst___7  Substance;  9  —  to  manosMiter. 


Sr;P  ‘w  n 


The  experiments  ^owed  that  the  wax  is  indeed  decomposed  under  impact, 
forming  about  20  cm^  of  gases  per  g.  This  confirms  that  heatups  caused  by 
mechanical  influences  under  impact  embrace  noticeable  volumes  of  the  substance 
and  are  sufficiently  strong  to  cause  decomposition  of  even  such  a  relatively 
thermally  stable,  nonexplosive  substance  as  wax.  Nitroglycerine,  in  which  heatup 
caused  by  impact  is  a  self -developed  process,  naturally  will  form  much  more 
(about  700  cm^/g)  gas- in  the  case  of  full  explosion. 

From  the  whole  of  the  considered  data  one  should  conclude  that  explosion  of 
liquid  explosive  in  a  rr  .ler  instrument  under  impact  occurs  quite  differently 
than  earlier  investigators  thought.  The  decisive  factor  of  its  appearance  is 
the  pressing  of  the  substance  through  a  narrow  gap,  vdiich  leads  to  the  appearance 
of  local  seats  of  reaction,  'fhis  reaction  is  developed  to  explosion,  if  there  is 
near  the  seat  a  layer  of  explosive  whose  thickness  exceeds  the  critical  for 
propagation  of  combustion  at  a  given  pressure.  It  was  Just  the  failure  to  fulfill 
these  conditions  which  led  to  the  absence  of  explosions  in  the  experiments 
experience  in  instrument  No.  4  mentioned  at  the  beginning  of  the  article. 

From  the  above  it  is  also  clear  that  those  flow  conditions  that  lead  to  the 
triggering  ^f  explosion  in  instrument  No.  1  or  in  the  GOST  instrument,  near  to 
it  in  conditions  of  explosive  flow,  are  very  specific  and  therefore  results  of 
tests  in  them  give  only  a  very  conditional  characteristic  of  sensitivity  of 
explosive . 


Literature 

1.  N.  A.  Kholevo.  Works  of  the  Kazan  Chemical-Technological  Institute 
iraeni,  S.  M.  Kirov,  1%6,  10,  91;  1947,  11,  116. 

2.  N.  A.  Kholevo.  Collection.  "Physics  of  explosion",  Academy  of  Sciences 
of  the  USSR,  1955,  No.  3,  page  16.  See  also  present  collection,  page  5. 


lfr-63-254  Chapter  1  Article  7 
Pages  89—93 


K.  K.  Andreyev 

7«  CM  the  Basic  Factors.  Detymininig  the  Daruter  of  Exploeivee  Iteriag 
Michanical  Action,  and  Msthods  of  fts  Bstiaaticn 

In  the  last  decade  in  presentations  on  the  sensitivity  of  explosives  to  mec¬ 
hanical  action  there  occurs  radical  shifts,  which  led  to  the  change  of  sxperl- 
nental  methods  of  its  estimation.  A  main  role  in  this  was  played  by  the  work  of 
N,  A.  Kholevo  CQ *  C^J *  '^ich  uncovered  the  physical  meaning  of  those  phenomena, 
tdiich  lead  to  explosion  upon  inpact  by  a  drop«hansaer.  On  this  basis  N.  A.  Kholevo 
showed  and  explained  the  great  conditionality  of  results  of  standard  and  other 
methods  of  testing  the  sensitivity  of  explosives  to  mechaidcal  action.  These 
results  characterise  the  sensitivity  of  an  explosive  (frequency  of  o3q>losions) 
only  in  reference  to  those  methods  of  deforraaticai  of  charge,  that  are  realized  in 
the  given  method  of  testing,  and  cannot  be  transferred  to  another.  From  that  time 
they  offered  many  versions  of  the  method  of  testing  the  sensitivity  of  explosives 
to  mechanical  action  — on  a  drop-hammer  and  other  instruments;  in  their  totality 
they  show  that  the  frequency  of  explosions  for  one  and  the  same  explosive  at  a 
given  energy  of  action  can  change  in  very  wide  limits.  This  circumstance  very 
such  hampers  a  practical  eetlmate  of  the  possibility  of  use  of  different  techno¬ 
logical  methods  in  reference  to  that  or  another  explosion.  One  of  the  main  causes 
of  this  difficulty  ie  the  lack  of  full  knowledge  about  the  character  of  actions, 
that  an  explosion  ie  subjected  to  in  technological  processes.  This  difficulty 
can  be  to  a  certain  extent  avoided,  comparing  the  experience  of  practice,  charact¬ 
erizing  to  a  known  degree  the  danger  of  different  operations  in  reference  to 
•eparate  exploeivee,  with  danger  (seneltivity)  of  the  latter  in  various  conditiosis 


of  laboratory  testing. 

Such  a  cooparison  can  be  used  also  for  an  opposite  conclusion  — the  danger  of 
those  cr  other  new  technological  methods  or  processes  for  known  or  new  explosives 
on  the  basis  of  the  behavior  of  the  latter  at  different  laboratory  tests. 

We  know  that  for  excitation  of  an  explosion  at  impact  it  is  necessary  so  that, 
in  the  first  place,  as  a  result  of  mechanical  action  there  is  a  focus  of  warm-up 
and,  secondly  so  that  the  reaction  starting  in  it  is  developed  into  con4)ustion  or 
even  explosion.  The  appearance  of  a  focus  of  warm-up  is  connected  with  the  mech¬ 
anical  properties  of  the  substance,  the  development  of  the  reaction  in  it  to  a 
large  degree  depends  on  the  kinetic  and  therraochemical  characteristics  of  the 
ejqplosive. 

It  is  relatively  easy  to  answer  the  question  about  which  of  these  character¬ 
istics  determine  the  danger  of  the  explosive.  They  can  be  reduced  to  two  integral 
indices  — inflannability"^  and  sensitivity  to  detonations,  which  approximately 
can  be  characterized  by  both  critical  diameters  — for  combustion,  from  vdiich  the 


explosion  usually  starts  at  itapact  and  for  detonation.  i 

-  i 

^  One  should  indicate  that  inflanmability  depends  not  only  on  therraokinetic  < 

properties  of  the  substance,  but  also  on  pressure.  Therefore,  the  sensitivity 
of  a  given  explosive  also  :an  be  changed  very  much,  depending  upon  under  what  i 

pressure  in  its  warm-up  appeared.  Experimental  data  on  inflanmability  are  mean¬ 
while  only  for  relatively  low  pressures.  At  present  its  study  is  conducted  here  c 

at  high  pressures  by  the  method  of  determination  of  critical  diameters  for  com¬ 
bustion,  We  add  that  at  least  for  low  pressures,  both  for  jjtidividual  explosives,  i 

and  also  for  mixtures  a  parallelism  is  not  observed  between  the  critical  diameter 
for  ccoibustion  and  for  detonation.  Thus,  black  powder  (all  components  of  %Aich  i 

separately  are  not  explosive)  bizms  easily  at  small  diameter  of  charge,  but  its 
detonation  is  not  described  in  literature;  PSTN  easily  detonates  (critical  dia-  h 

meter  of  detonation  2  nm),  but  poorly  burns  (critical  dian»ter  of  burning  30  ram 
at  atmospheric  pressure  and  nearly  4  ran  at  25  technical  atmospheres),  amatols  m 

(critical  diameter  of  burning  of  about  30  mm)  own  poorly  and  detonate  badly, 
dynammons  burn  raich  better  than  amatols^  but  detonate  worse  than  them.  « 


n 


It  is  coBq;)lic«t*d  to  aammr  the  question  of  tMch  indices  of  laschanical  pro» 
perties  lesd  to  increased  danger^  in  other  words,  other  conditions  being  equal, 
i  is  a  fflore  fluid  or  leas  fluid  e3q>losive  more  dangerous.  In  general  form  ^e 
I  answer  to  this  question  cannot  be  given,  since  there  are  concrete  conditions,  in 
tdiich  fluid  substances  are  dangerous  and  others,  in  which  less  fluid  substances 
tun  dangerous. 

But  still  in  most  cases  it  is  possible  to  consider  a  difficultiy^flowing  sub¬ 
stance  more  dangerous.  In  reality  for  the  appearance  of  wan»-up  is  required 
sufficiently  speed  of  movement  and  pressure.  If  the  substance  is  stubborn  and 
difficxiltly-flowing,  then  the  action  of  ia^ct  cannot  be  softened  and  there  will 
appear  large  pressure,  under  vdiich  will  start  displacement  of  layers  of  the  sub¬ 
stance  relative  to  one  another  (internal  friction)  or  relative  to  the  ia^ct 
(external  friction);  it  is  natural  that  inflaasoability  at  large  pressure  will  be 
great. 

It  is  necessary  here  to  bear  in  mind  that  in  practical  conditions,  impact  as 
a  rule,  acts  under  a  certain  angle  (slanting  or  slipping  iaqpact).  As  distinguish¬ 
ed  from  that,  which  occurs  at  laq>act  by  normals  at  drop-haaiaer  testing,  for 
example,  in  instnunent  No  1,  in  case  of  oblique  ioQ)act  the  low  fluidity  of  the 
substance  cannot  protect  it  rran  shifting.  In  this  case  displacement  of  layers 
of  the  explosive  relatively  to  one  another  or  relatively  to  ijiqpact  is  forced  and 
it  is  no  longer  determined  so  much  by  fluidity,  as  much  as  tangential  f<»rces, 
acting  at  oblique  iiiq>act.  The  qualitative  border  between  impact  and  friction 
here  is  absent,  but  a  quantitative  relationship  is  determined  by  an  angle,  under 
which  the  is^ct  occurs;  (vi  it  in  combination  with  fluidity  axvi  coefficient  of 
external  friction  depends  the  relationship  of  tangentirl  and  normal  efforts. 

Tests  for  sensitivity  to  friction  are  distinguished  from  impact  tests  by 
normals  only  by  the  fact  that  at  friction,  normal  and  tangential  forces  rely 


ixKl9p«ndent3^  fron  each  other* 

In  spite  of  the  fact  that  upon  testing  sensitivity  to  friction,  the  stresses 
are  usually  less  than  the  more  dangerous  substances  in  which  inflamnability  is 
great,  i.  e.  the  critical  diameter  even  at  slight  pressure  is  small;  for  example, 
black  powder,  mercuric  fulminate,  scane  pyrotechnical  compounds,  etc. 

Substances, easily-flowing  due  to  the  small  coefficient  of  internal  friction 
or  difficult-to-burn  (great  critical  diameter),  are  not  very  sensitive  to  friction 
for  explosion  of  such  substances  it  is  necessary  to  have  a  large  pressure.  Pre¬ 
cisely  by  both  of  these  causes  trotyl  belongs  to  a  number  of  explosives  relatively 
not  dangerous  in  processijig,  then  as  lead  azide  or  hexogen  — to  a  number  of 
relatively  the  most  dangerous.  It  is  natural  also  that  the  danger  of  the  last 
can  be  decreased  by  an  increase  of  their  fluidity  which  also  is  accomplished  in 
technology  —by  applying  a  "lubricant"  (flegmatizor)  to  particles  of  such 
explosives. 

One  should  add  that  a  flegmatizor,  apparently,  plays  a  role  not  only  on  the 
first  stage  of  excitation  of  explosion  by  impact  — the  stage  of  appearance  of 
warm-up  at  flow.  It  also  inhibits  development  of  focus  of  burning,  softening 
thermal  shock  of  hot  products  of  transformation,  that  may  cause  cracking  of 
neighboring  particles  of  the  substance  and  by  this  increase  the  surface  of  burning 

Once  again  we  erapjhasize  that  these  considerations  are  not  universally  applied 
—in  a  series  of  conditions  excitation  of  explosion  can  be  accomplished  by  other 
ways  — for  example  igniting  as  a  result  cf  pressure  and  warm-up  of  a  gas  bubble 
(this  pressure  can  be  relieved,  if  the  explosive  is  fluid),  as  a  resul.t  of  fric¬ 
tion  of  solid  particles  of  outside  impiirities  in  the  explosive  against  each  other, 
or  friction  of  them  against  an  anvil  (shock  object)  etc.  Besides,  there  can  be 
special  conditions  of  flow,  when  very  large  or  conversely  very  small  fluidity  can 
add  to  the  large  frequency  of  explosions  — then  trotyl  can  be  more  sensitive  than 


<  iMd  aside  or  aRnKmlm  nitrate  more  seneitive  than  nitroglycerine. 

An  estimate  of  the  danger  of  concrete  industrial  processes  can  be  therefore 
1  performed  only  at  full  knowledge  of  the  character  of  those  actions,  to  which  the 
I  explosive  is  subjected;  in  the  absence  of  such  knowledge  it  is  necessary  to  con- 
duct  a  test  with  modeling  of  real  influences. 

On  The  Most  iiixpedient  Laboratory  Methods  of  Estimating  The  Sensitivity  of 
Explosive  Substances  To  Mechanical  Actions 

There  appears  the  question,  which  of  the  existing  experimental  methods  of 

determination  of  sensitivity  in  the  greatest  degree  reflect  the  danger  of  the 

substance  dxuring  nwchanical  actions,  if  we  jaroceed  from  the  above-considered 

general  considerations. 

Drop-han«aer  tests  in  different  versions  CQ *  L  i7  (instruments  No  1, 
according  to  GOST  2065-43  and  No  2,  and  also  a  modification  of  the  last)  have 
that  principal,  shortcoming  that  it  characterizes  chiefly  the  possibility  of 
appearance  of  focii  of  reaction,  buy  propagation  of  the  process.  In  principle 

,  the  weak  side  of  this  test  is  also  that  the  possibility  of  flew  and  its  conditions 

\ 

';in  a  significant  degree  are  determined  by  the  fluidity  of  the  substance. 

5 

i  If  the  substance  is  very  low-fluid  like  lead  azide,  then  it  is  not  exploded 
!in  one  of  the  three  instruments  above-mentioned;  if  it  is  too  fluid,  then  it  is 
,  only  with  difficulty,  at  very  narrow  gaps,  exploded  in  instrument  No  1.  At  the 
isame  time  in  practice  fluidity  plays,  as  was  noted  above,  a  significantly  smaller 
role. 

In  testing  explosives  for  so-called  sensitivity  to  friction,  idien  an  impact 
transfers  plates,  among  >diich  is  included  the  explosive,  friction  takes  place 
independently  of  fluidity  of  the  substance,  although  it  also  has  an  influence  on 
the  character  of  friction,  caused  by  dislocation  of  plates.  This  circumstance  is 
an  essential  advantage  of  the  given  method  as  cocq>aured  to  the  drop-hammer  tost. 


If  fliddity  of  the  substance  is  great,  then  is  required,  apparently,  a  very 
large  pressmre  and  ce*  c.ain  subsidiary  conditions  so  that  in  testing  the  sensitivity 
friction  an  explosion  would  occur.  Therefore^ in  Bowden's  experimentf3jin  the 
instrtasient  developed  by  him  for  testing  the  sensitivity  to  friction  many  ejq^losives, 
as  for  example  PETN,  an  explosion  does  not  occur.  At  the  same  time  these  substances 
are  easily  exploded  in  the  version  of  Bowden's  instrument  offered  by  V,  S.  Koslov 
/*l7,  where  the  e3q)losive  is  pressed  between  the  ends  of  two  rollers:  secured  and 
mobile.  At  horieontal  impact  on  the  lateral  surface  of  a  mobile  roller  it,  accord¬ 
ing  to  an  idea  ob  V.  S.  Kozlov  should  be  transferred  according  to  the  normals  to 
its  axis.  In  reality,  since  the  durability  of  the  connection  of  the  upper  end  of 
the  roller  (steel — steel)  and  the  lower  (st( el-e^qslosive  or  explosive-explosive) 
are  not  identical,  then  the  roller  accomplishes  movement  along  the  arc.  Here  there 
appears  not  only  friction,  but  also  slipping  impact.  In  fluid  explosives  friction 
of  metal  against  metal  also  occurs.  In  these  conditions  even  relatively  easily- 
fluid  explosives  are  exploded,  including  nitroglycering  powder. 

In  combination  with  determination  of  inflammability  (ability  to  burn)  the 
results  of  a  test  on  a  pendulum  instrument  cf  V,  S,  Kozlov  (K-44-III),  apparently 
better  than  other  methods,  can  characterize  the  practical  danger  of  the  explosive 
during  mechanical  actions. 

This  conclusion  does  not  signify  the  needlessness  of  impact  tests  according 
to  normals  on  a  drop-hammer.  However,  these  tests  acquire  an  additional  character, 
illustrating  the  behavior  of  the  explosive  at  certain  special  conditions  of  mechan¬ 
ical  action.  In  this  respect  from  new  methods  one  should  especially  note  the  test 
with  raised  rollers/2 7,  that  allows  a  very  graphic  representation  of  high  inflam¬ 
mability,  and  this  means  the  danger  of  an  explosive  in  those  conditions,  in  vd'ich  it 
is  not  revealed  by  the  usual  drop-hammer  best. 

We  emphasize  once  again  that  it  is  impossible  to  be  limited  at  determination 
of  sensitivity  only  by  a  test  on  the  Dowden-Kozlov  instrument  without  Uetermin- 


I 


I  fttion  of  tht  ability  of  tha  aubatanea  to  burn  and  to  datonata  • 

Althougb  to  a  eartain  aaetant,  tha  ability  to  bum  and  to  datonata  ia  aalf- 
davalopad  in  thia  taat$  but  thia  oceura  at  indafinite  and  larga  praaauraa.  At 
eonditiona  of  aachanical  actions  usual  in  practice,  a  larga  praaaura  ia  created 
only  in  a  very  small  part  of  tha  volume,  occupied  the  eoqploaive,  a  greater 
;  part  of  it  is  at  relatively  small  preaaurea.  l^arafore  determination  of  ability 
to  bum  preaarvea  it^  moat  important  value,  and  besides  this,  determination  should 
be  made  in  that  aren  of  preesuree,  vfhlch  corresponds  to  practical  conditions, 
since  the  ability  of  a  substance  to  burning  depeiKis  m  pressure  and  besides  for 
various  esqplosives  in  various  stages. 


f 


■  Conclusions 

i 

The  fundamental  propertiee  of  an  esqploaive,  determining  its  danger  at  mech- 
j  anical  actions,  are  the  thermokinetic  characteristics,  developed  in  critical  dia¬ 
meters  for  burning  and  for  detonation. 

The  possibility  of  appearance  at  mechanical  actions  of  bum-up  and  pressxu'e, 
sufficient  for  excitation  of  burning,  depends  on  ccxicrete  conditions  of  deform¬ 
ation  and  fluidity  of  the  substance.  Usually  it  is  greater  for  difficultly-fluid 
substances  and  can  be  estimated  by  the  a9tion  of  slipping  impact  on  V.  S.  Kozlov's 
instrument  (K-44-III). 


As  an  illuetration  of  this  conclusion  >re  indicate  that  anmorilum  perchlorate 
in  the  teat  on  the  Bowden—Koslov  instrument  provides  a  high  frequency  of  explo¬ 
sions;  its  ability  to  bum  is  very  low  (critical  diameter  33  m)  ^ch  confirms 
the  small  danger  of  perchlorate  in  circulation.  Addition  to  perchlorate  of  fluid 
organic  substances  decreases  sensitivity  during  the  test  on  the  Bowden—Koslov 
instrument,  and  the  ability  to  bum  greatly  increases;  this  growth  can  obtain  a 
predominant  value  which  leads  to  the  increaee  of  dangw  in  circulation  of  such 
mixtures  as  compared  to  pure  perchlorate. 
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K.  K.  AndrtjtT 

8»  On  Certtin  Fortign  Inv»»tijMitl<»i»  in  th>  Htthodology  of  Kxpri—ntal 
Dtt<traln>tion  of  3»iaitivity  of  Btoloilf  to  Ta^t 

Of  all  tht  charactaristica  of  axploaivaa,  aenaltivity  to  iB^)act  hat  always 
baan  ona  of  tha  laaat  dafinlta.  This  uncartainty  atama  frcn  tha  quaation  of  what 
kind  of  indicaa  of  impact  —  ganaral  anargjr,  pulaa,  apaad  or  any  othar  —  ahould 
ba  conaidarad  aa  tha  factor  datarminlng  tha  triggarlng  of  a>^losion* 

Typical  for  data  on  aanaitivity  ara  larga  variationa  batwaan  raaulta 
obtainad  by  varloua  invaatigatora  for  tha  aaaa  a3q>loaivaa. 

1 

I 

Finally^  taat  of  aanaitivity  to  impact  ia  only  ona  of  T;ha  taata  of 
axploaivaa  for  which  tha  raccmnandod  numbar  of  parallal  axparimanta  will  attain 
25—100;  with  thia,  aa  a  charactariatlc  of  aanaitivity  iiaually  ia  takan  tha 
fraquancy  of  axploaiona  at  a  givan  anargy  of  impact  or  that  anargy  at  which  the 
frequency  of  axploaiona  equals  or  scmo  othar  specific  value. 

Tha  opinion  waa  wide  spread  that  variability  of  aanaitivity  ia  catnbinad 
only  with  secondary  factors — hard-to-ramova  defects  In  tha  a»thodology  of 
datarmination  on  a  drop-haouar  and  that  if  they  could  ba  avoided,  than  it  would 
ba  possible  to  establish  sensitivity  aa  a  certain  abaoluta  constant  of  a  givan 
explosive.  Echoes  of  these  moods  ara  found  in  particular  in  raflsctions  in  the 
1955  confaranca  on  questions  of  sensitivity  of  explosives.  In  a  series  of 
proposals  it  waa  rapaatadly  underlined  (and  this  waa  raflsctad  even  in  decisions 
of  tha  confaranca)  that  sensitivity  is  m  objective  property  of  explosives,  as 

I 

if  facts  indicating  tha  changeability  of  aanaitivity,  tha  dapandanca  of 


%  •  ’ 


frequency  of  e^qplotions  on  conditions  of  action  and  the  conclusions  of  those 
investigators  also  stopped  to  consider  these  facts  as  accidental,  secondary,  and 
uncovered  their  physical  meaning,  are  attempt  at  a  materialistic  understanding 
of  this  physical  phenomenon. 

Radical  change  of  theories  on  sensitivity  was  realized  by  N.  A.  Kholevo, 
showing  that  danger  of  triggering  of  explosion  during  mechanical  influences  on  an 
explosive  depends  on  its  thermokinetic  characteristics  as  determined  by  its 
chemical  structure,  on  its  mechanical  properties,  and  on  conditions  of  impact 
which  one  by  no  means  exhausted  by  the  energy  of  the  latter.  Due  to  this,  the 
danger  of  explosion  at  a  given  magnitude  of  impact  energy  can,  for  a  given 
explosive,  chaxige  in  very  wide  limits,  and  it  is  senseless  to  search  for  a 
universal  absolute  characteristic  of  danger  of  a  given  substance  detached  frc«n 
conditions  of  Impact. 

Vfc  will  not  remain  here  more  specifically  on  the  theories  and  results  of 
experiments  of  N.  A.  Kholevo,  inasmuch  as  they  are  illuminated  in  a  series  of 
articles  t 

The  opinion  of  N.  A.  Kholevo,  however,  did  not  at  once  receive  the  proper 
acknowledgement  among  investigators,  from  many  of  whom  it  was  difficult  was  to 
erase  the  old,  incorrect,  but  habitual  view  on  sensitivity •  Later  m  a  number 
of  countries  (The  USA,  Sweden,  Germany)  works  were  published  whose  authors 
arrive  at  conclusions,  analogous  to  those  of  N.  A.  Kholevo.  Consideration  of 
these  works  is  the  purpose  of  this  article. 


^Incidentally,  the  strongly  expressed  statistical  character  of  results  of 
tests  on  sensitivity  already  by  itself  indicates  the  large  dependence  of 
results  cf  experiments  on  changes  in  their  conditions  so  small  that  they  are 
outside  the  control  of  the  experiiaenter . 


jidtM  On  Seiaitivity  Of  G»  B«  Kittlikowaki  and  R«  Connor  (USA) 

^  During  th«  Second  World  War  the  prominent  American  physicists  G.  D. 

Kistiakovrski  and  R.  Connor  worked  on  the  inveetigation  and  development  of 
explosives.  With  respect  to  sensitivity  of  explosives  to  mechanical  influences 
they  naturally  turned  to  the  methods  of  its  determination,  used  in  civil (Bureau 
of  Mines) and  military  (Pikatin  arsenal)  establishments  in  the  USA.  However 

I  Kistiakowski  and  Connor  quickly  were  convinced  of  the  unfitness  of  these  methods 

! 

j  for  absolute  characterisation  of  sensitivity  and,  moreover,  in  the  impossibility 

I 

I 

I  of  obtaining  of  such  a  characteristic.  Not  describing  the  experimental  data 
that  led  them  to  this  conclusion,  they  formulate  it  in  the  following  positions, 
which  are  given  literally. 

"It  was  shown  that  for  triggering  of  explosion  necessary  a  fast  impact, 
causing  movement  of  particles  and  friction  between  them  is  necessary.  Apparently, 
the  surface  of  partic-les  should  be  locally  heated  to  high  temperatures.  An 
equally  important  factor  is  also  closure  (confinement)  of  the  substance.  Conditions 
should  be  such  that  the  gasiform  products  of  the  initial  reaction  cannot  escsoe. 
Otherwise  for  triggering  of  explosion  a  much  larger  mechanical  effort  must  be 

I 

i  expended....  Local  ignition,  caused  by  impact  on  a  few  small  sections  of  surface, 

I 

j  must  be  supported  by  means  of  retention  of  hot  gasiform  products  by  this 

f 

'  surface.  Then,  increasing  local  pressure  accelerates  the  reaction  and  explosion 
occurs.  Otherwise  initial  ignition  can  easily  die  out."  r^j- 

And  in  another  place: 

"As  a  result  of  investigations,  however,  it  was  determined — and  this  is 
a  discovery  of  significant  practical  importance, — that  it  is  impossible  to  find 
such  a  characteristic,  as  a  definite  mechanical  sensitivity  of  an  explosive. 

Indeed,  by  changing  'test  conditions  it  is  possible  to  change  even  the  order  of 
mechanical  sensitivities  of  explosives." 


These  oositions  are  in  complete  agreement  i«ith  the  conclusions  made  by  N. 

A.  Kholevo  prior  to  publication  of  the  Aiaerican  work.  On^  should  to  add  that 

conclusiOTis  of  American  investigators  were  published  in  their  book  "Science  in 

the  Second  World  War”,  which  apparently,  is  little  known  to  European  investigators 

and  in  particular  by  those  of  them,  vritiose  works  are  considered  below.  This  lack 

and/ 

of  infonnation  refers  probably/relates  also  to  works  of  N,  A.  Kholevo,  published 
for  the  first  time  in  the  Ne'KS  of  the  Kazan  Chemical-Technological  Institute 
imeni.  S.  M.  Kirov  in  1946—1947. 

V/ork  of  L.jungberg  (Sweden) 

The  next  country,  in  which  were  "discovered"  and  developed  the  ideas  of  N. 

A.  Kholevo,  was  Sweden. 


Fig.  1.  Frequency  of  explosions  of  nitrogelatin  in  instruments  No.  1  aJnd 
2  accoiding  to  Ljungberg.  (Load  2  kg,  thickness  of  explosive  layer  0.4  mm, 
faces  of  rollers  polished,  number  of  experiments  in  series  25). 

1— instrument  No.  2,  2 — instrument  No.  1,  3 — instrument  No.  2  with  one  circle 
of  filter  paper,  4 — instrument  Mo.  2  with  two  circles  of  filter  paper,  5 — 
Frequency  of  Explosions  in  %•,  6 — Height  of  fall  in  cm. 

In  the  work  of  S.  Ljungberg  is  investigated  the  triggering  of  explosion 

under  impact  in  instruments  analogous  to  instruments  No.  1  and  2  of  N.  A.  Kholevo, 
i.e.,  during  the  absence  nr  presence  in  the  guide  sleeve  of  an  annular  groove, 
vdiere  the  explosive  caii  flow.  Results  of  experiments  with  nitrogelatin  are 
presented  in  Fig.  1.  In  instrument  No.  2  with  a  two-kilogram  load  separate 
explosions  were  observed  only  starting  frcmi  height  of  fall  of  1.4  m.  In 


InstruMnt  No.  1  with  a  gap  0.05  and  0.5  and  Ihb  tel^ta  of  fall  of  load, 
the  frequency  of  exploelone  mt  aignifleantly  greater.  If  bettwen  the  exploelve 
and  the  face  of  the  roller  one  plaeee  a  circle  of  dry  filter  paper  or  a  •>Met 
of  asbeatoe  fron  one  or  frcni  both  eidee,  t^n  even  at  height  of  fall  of  0.2  m 
a  significant  freqiK$ncy  of  e3q)loeions  is  observed.  If  the  paper  is  moistened 
by  leiter,  then  ejrolosions  are  not  observed  even  with  an  increase  in  height  of 
fall  of  load  to  1.5  m.  All  these  results  natural  are  explained  by  the 
relatively  great  (for  instrument  No.  2)fluidit7  of  nitrogelatin  as  a  consequence 
of  which  high  pressure  is  not  created  at  impact.  The  hampering  of  ascape  by  the 
application  of  paper  or  location  of  rollers  in  a  sleeve  without  a  groove  increues 
pressure  at  escape  ,  vdilch  leads  to  ejqjloeion. 

If  we  apply  rollers  idiose  faces  are  not  polished, but  only  ground,  the 
frequency  of  explosions  strongly  increases  even  at  low  heights  of  fall  of  load, 
since  escape  of  the  explosive  is  hampered  by  the  roughness  of  the  face  surfaces. 


Fig.  2.  Mechanism  for  measurement  of  pressure  in  time  under Iji^ct  on 
drop  hamtter. 

1  —  anvil,  2  —  plexiglas  insulation,  3  —  protective  ring,  4  —  load,  5  — 
explosive  6  —  tensometeric  pickups. 


Decrease  of  gap  in  case  of  nitrogelatin  increases  frequency  of  explosions. 


Fig.  3*  Change  of  preeeure  in  time  in  instruments  1  and  2  under  impact 
on  plasticine,  (Load  2  kg,  fall  height  0.5  mj  thickness  of  layer  of  plasticine, 
0.4  am;  faces  of  rollers  polished). 

1 — without  plasticine:  2 — ^with  pliusticine  in  instrianent  No.  2;  3— with  plasticine 
in  instrument  No.  1  With  diameters  of  sleeve  channel  and  roller  of  8.05  mm  3.00 
mm  respectively;  4—with  plasticine  in  instrument  No.  1  with  diameters  of  sleeve 
channel  and  roller  of  8.00  mm;  5 — pressure  in  atm;  6 — Time  in  microsec. 

If  we  moisten  ground  faces  with  an  inert  liquid,  then  we  obtain  as  low  a 
frequency  of  eaqilosions  as  with  polished  rollers.  Powdery  high-viscooity 
explosives,  tdiich  are  not  extruded  even  with  polished  faces,  are  less  sensitive 
to  state  of  surface. 

With  the  help  of  the  mechanism  depicted  in  Fig.  2,  the  change  in  time  of 
pressure  under  impact  was  determined  on  a  cathode  oscillograph  by  tensometeric 
oicKups.  vathout  explosive  or  with  its  layer  mechanically  homogeneous  and 
completely  confined,  imisact  has  an  elastic  character.  If  the  layer  consists  of 
a  clastic  substance,  capable  of  being  extruded,  then  during  extrusion,  as  long 
as  it  is  inccanpleted,  impact  has  a  nonelastic  character.  D\u*ation  of  extrusion 
depends  on  dimensions  of  apertures  through  which  the  discharge  escapes,  the 
viscosity  of  the  explosvie  and  pressure. 

In  Fig.  3  are  shown  curves  obtained  for  an  0.4  ram  layer  of  plasticine  with 
polished  faces  and  height  of  fall  of  load  of  0.5  m.  With  roller  and  sleeve- 
channel  diameters  of  3.00  mm  the  possibility  of  flowing  of  the  substance  was 
practically  removed  and  curves,  without  acid  with  plasticine,  very  similar, 

«L. 


with  tht  on3^  distinction  btinc  that  the  ssTlMai  prsssurt  in  ths  lest  csss  is 
sonswhst  Isssy  sad  duration  of  blow  grsstsr  (eunrss  1  sad  4)* 

With  a  slMTs  ehanasl  of  8.05  an  is  obssrrsd  a  period  of  sxtrustion  In 
which  i^oaet  is  not  slsstic;  behind  it  there  follows  a  section  of  elastic  li^Act 
(cTurve  3). 

In  instnawnt  No*  2  at  first  is  observed  a  snail  rise  in  pressure,  co^alcted 
after  35  nicrosee  after  this  tiM  ths  plasticine  is  extruded  and  the  8ubse<|uent 
path  of  curve  is  alnost  ths  sans  as  that  without  plasticine  (curve  1).  In  Fig. 

3,  for  experiments  on  instrunsnt  No.  2  (curve  2),  the  beginning  of  impact  is  not 
seen,  since  the  duration  of  extrusion  of  an  0*4  an  lajsr  in  aDpther 

experiment,  at  a  height  of  fall  of  1  m,  was  greater  than  125  nicrosee.  Thus 
^  extrusicn  continued  for  more  than  90  nicrosee  before  ths  increase  of  pressure 
I  became  sufficient  for  registration  by  its  oscillograph. 


! 


Fig.  4*  Change  of  pressure  in  tHai  in  instrumant  No.  1  during  ispaet  on 
plasticine,  depending  upon  ths  thickness  of  its  layer.  (Load  2  kg;  hel^d^t  of 
its  fall,l  m;  diameters  of  canal  sleeve  channels  8.05  am,  and  of  roller  8.00 
imn;  rollsr  faces  polished).  Nusibers  by  the  curves  indicate  the  thickness  of 
la^r  of  plasticine  in  m. 

l->Pre88ure  in  atm;  2~Wlthout  plasticine;  3-~Tiae  in  aicrosec. 

In  Fig.  4  are  depicted  curves  of  change  of  pressure  in  tins  for  plsetioine 
at  different  layer  thicknesses.  With  en  inersMs  in  the  thickness  of  the  layer 
the  time  of  extrusion  increases,  and  ths  duration  of  the  elastic  part  of  the 


blow  it  Ittt.  Mudjoum  prttsurt  during  txtrusion  is  apprcodmataly  the  sane  as 
that  at  a  height  of  fadl  of  0.5  m,  and  is,  apparently,  characteristic  for  flow 
of  plasticine  at  a  given  dii&ension  of  gap. 

For  nitrogelatin  considerably  distinguished  from  plasticine  in  fluidity, 
on  analogous  curves  the  period  of  extrusion  is  expressed  less  clearly.  In  Figures 
5  arid  6,  idiere  results  are  presented  of  experiments  with  nitrogelatin  in 
iratrument  No.  2  with  an  explosive-layer  thickness  of  0.4  am  and  height  of  fall 
of  load  of  1  m,  we  note  only  a  small  increase  of  pressure  which  is  finished 
after  approximately  40  microaec.  Sxtrustion  would  have  to  continue  for 

at  least  50  microsec  before  the  oscillograph  would  begin  to  mark  pressure,  and 
with  this  the  thickness  of  layer  would  have  to  beccme  less  than  0.1  mm.  Forty 
microsec  later,  almost  all  the  expli^ive  was  extruded,  and  the  subsequent  change 
of  pressure  in  time  had  the  same  character  as  that  during  elastic  impact  without 
explosive . 


Fig.  5.  Change  of  pressure  in  time  in  instrument  No.  2  during  impact 
on  nitrogelatin.  (Load  2  kg,  height  of  its  fall  1  m,  thickness  of  explosive 
layer  0.4  mm,  roller  faces  ground). 

1 — Pressure  in  atm;  2 — without  explosive;  3 — Time  in  microsec. 

In  experiment  with  explosive  there  was  no  explosion. 


/y'd 


Fig.  6.  Chang*  of  pr«8ai]z*e  in  tins  in  inatruawnt  No.  2  during  iinpact  on 
nitrogelatin.  (Load  2  kg,  height  of  its  fall  1  m,  thickness  of  explosive  layer 
0.4  nun). 

1 — vdthout  explosive,  2 — ^vdth  explosive,  roller  faces  ground,  3 — with 
explosive  betxeen  two  paper  circles,  of  roller  faces  polished,  4 — Pressure  in 
atm,  5 — Time  in  microsec. 

In  experiment  with  explosive  explosions  occurred. 

I  Curves  for  experiments  with  an  0.4  mm  layer  of  nitrogelatin  and  ground 

faces  without  explosion  (Fig.  5)  and  with  explosion  (Fig.  6)  are  very  similar. 

On  ascending  part  of  last  curve  a  transient  minimum  and  several  small 

disturbances  of  its  path  are  seen.  Similar  influence  of  e^losicxi  was  observed 

with  location  of  the  0.4  nun  layer  of  nitrogelatin  between  two  paper  circles 

1 

I  with  ground  roller  faces  (curve  3,  Fig.  6)  the  only  distinction  being  that 
I  minimum  of  pressure  was  expressed  more  clearly.  In  both  cases  the  duration  of 
exolosion  was  small  as  compared  to  the  time  of  impact,  which  agrees  with 
observations  of  Rideal  and  Robertson  /”7j7. 

j  With  ground  faces  (as  distinguished  from  polished)  explosive  remains  in 
I deepenings  of  surface,  vdien  its  ridges  make  contact  and  pressure  is  increased. 

!  With  this  large  local  pressure  appears  at  points  of  contact  and,  possibly,  with 
this^as  a  result  of  plastic  flow  of  mstal^  heatup  will  be  formed,  igniting  the 
explosive . 

In  experiments  with  nitrogelatin  along  pressure  —  time  curves  it  is  very 
difficult  to  establish,  whether  exploeion  had  a  place.  The  latter  appears  in 


the  form  of  transiont  oacillationa  of  pressure  on  ascending  branch  of  curve ^ 
but  frequently  these  oscillations  are  no  different  than  rai»looi  ones. 

In  order  to  establish  the  moment  of  expl(«ion,  the  glow  appearing  as  a 
result  of  it  is  directed  through  a  special  apertiire  in  the  sleeve  onto  a 
photocell.  Such  a  system  of  recording  is  not  perfect,  since  the  point  at  which 
explosion  appears,  registered  on  the  pressure  —  time  curve  may  not  be  visible 
through  the  aperture  directed  on  the  photocell.  In  Table  1  are  given  several 
values  of  the  time  from  beginning  of  increase  of  pressure  to  explosion.  Oelsy 
of  explosion  diminishes  with  an  increase  in  height  of  fall.  VfiLth  ground  roller 
faces  the  moment  of  ignition  approximately  coincides  with  moment  of  completion 
of  extrusion  of  the  explosive.  During  experiments  on  a  drop-hammer  of  different 
construction  ca«es  of  appearance  of  e^qjlosion  after  termination  of  impact  were 
observed.  This,  apparently,  was  connected  with  the  fact  that  a  certain  time  was 
required  for  development  of  explosion. 


6  Upewe  #  mmtr 

Fig.  7.  Change  of  pressure  in  time  in  instrument  No.  2  during  impact 
on  nitrogelatin  and  powdered  trotyl  and  PETN.  (Load  2  kg;  height  of  its  fall 
1  m;  thickness  of  layer  of  nitrogelatin  0.4  mm,  trotyl  and  PETN  0,2  mm;  faces 
of  rollers  polished). 

1— without  explosive;  2 — r,Ilrogelatin  between  two  paoer  circles;  3 — trotyl; 

4— PETN.  Curves  are  displaced  along  axis  of  time. 5— Pressure  in  atm,  6 — Time  in 
microsec . 

In  experiments  with  explosives  explosions  occurred. 

Analogoim!  experiments  were  set  up  with  PETN  and  trotyl.  As  Fig.  7  shows, 
curves  of  change  of  pressure  for  these  explosives  were  similar  to  each  other  and, 
in  turn,  analogous  to  curves  observed  with  nitrogelatin  located  between  paper 
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circles* 

Thus  ths  sxpsriMBts  of  LJungbsrg  confirm  ths  conclusion  of  N.  A.  Kholsro 

occurs/  i 

that  during  impact  on  a  drop  hsaasr  thsrs/sxtrusion  of  explosive  frcm  the  space  - 

between  faces;  the  appearance  or  absence  of  explosion  depends  on  resistance  to 

this  extrusion,  determined  in  particular  by  the  msgnitude  of  ths  gap  bstween 

roller  and  sleeve  and  also  by  the  presence  of  groove,  and,  naturally  on  ths 

properties  of  the  substance.  The  pressure  ~  time  curves  obtained  give  concrete 

quantitative  idea  of  this  important  characteristic  of  the  process. 

Tims  From  Begiiming  of  Pressure  laerease  to  Sxplosloa  ^ 
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1 — Height  of  fall,  cm;  2— Spaed  during  impact,  cm/sec/  3--Ti»e,  microsec; 
4—State  of  faces  of  rollers;  5— Polished,  vdth  two  paper  circles;  6~Ground. 

Work  of  Koenen.  Ide.  and  Haupt  /Tsl  (West  Berlin) 

A  major  experimental  investigation  in  search  of  method  of  testing 

* 

explosives  for  their  danger  in  handling  was  conducted  recently  in  the  same 
laboratory  (earlier  the  Chemical-Technical  Institute,  now  Control  of  Testing  of 

Materials),  in  which  Castes  at  the  beginning  of  the  century  developed 

i 

I  contemporary  method  of  determination  of  sensitivity  of  explosives  to  impact. 
Statement  of  the  Problaca 

German  investigators  underline  the  necessity  of  many-sided  characteristics 

of  siuiceptibility  of  explosives  to  one  or  another  form  of  mechanical  influence. 
« 

Only  by  the  sum  of  results  of  these  many-sided  tests  is  it  possible  to  make 
conclusions  on  the  danger  of  explosives.  Single  measure  of  this  danger  at 


pr«t«nt  cannot  ba  given.  They  correctly  note  also  that  it  ie  neceaaary  to 
distinguish  the  possibility  of  appearance  of  explosion  under  iiapact  frcm  the 
possibility  of  its  propagation. at  least  for  secondary  explosives;  the  chance 
of;  for  initiating  the  latter  is  great,  so  that  triggering  of  explosion,  as  a 
rule,  signifies  also  its  propagation. 

Main  nethod  in  Germany  of  determination  of  sensitivity  of  explosives  to 
impact  is  the  known  method  of  testing  them  on  drop  haaners  in  caste  stamping 
instruments.  Caste,  taken  to  this  time  to  according  to  international  agreement 
on  railroad  transportation  for  characteristic  of  explosiveness  of  substances. 

The  index  of  sensitivity  by  this  method  is  that  minimum  height  of  fall  of  a  load 
of  definite  weight  at  which  is  observed  at  least  one  clear  explosion  in  6 
attempts,  though  subsequent  norms  call  for  4  experiments.  Study  of  this  method, 
and  also  its  improvement  was  the  subject  of  the  considered  work. 

Check  of  Methodology  of  Caste 

The  construction  of  the  stamping  instrument  corresponded  to  the  general 
requirements  of  Lents  and  Caste,  namely:  surface  of  the  striker  was  determined 
by  area  and  was  constant  in  state,  and  the  possibility  of  lateral  displacement 
of  the  explosive  and  of  friction,  to  which  as  was  assumed  by  these  authors, 
sensitivity  of  explosives  completely  different  than  to  impact,  was  absent. 

Components  of  stamping  instruments  used  in  the  given  work  had  dimensions 
and  q^  ality  of  metal  shown  in  Fig.  8. 

The  investigators  in  their  experiments  expected  to  obtain  confirmation  of 
those  results  on  sensitivity  that  were  obtained  by  Casterhis  time.  Taken  as 
one  of  the  most  sensitive  explosives  was  nitrocellulose  (13. 35^  N),  which 
according  to  Caste  gives  explosions  with  the  fall  of  a  5-kg  load  frcsn  a  height 
of  5  cm.  Besides,  it  was  expected  that,  in  accordance  with  general  views  of 
Caste  on  the  growth  of  number  of  explosions  with  height  of  fall  of  load,  at  40  cm 
all  6  experiments  will  give  explosions. 


Fig.  8.  Caste  stta9)ing  instrument  for  determination  of  sensitivity  of 
exolosives  to  impact  on  drop  liaamer. 

1— upper  piston,  2--directing  sleeve,  3 — lower  piston. 

•  Material — tool  eteel  (Beler  extra  MG),  heat  treatinent«-hardening  and 
tempering  to  hardness  of  60 — 63  Rockwell  (scale  C),  working  part  of 
nistons  and  sleeve  channel  ground. 

Despite  these  expectations  at  10  cm  not  one  explosion  was  obtained;  at 
20  and  30  only  one,  and  at  40  cm  not  one;  i.e.,  no  growth  in  frequency  of 
explosions  vdth  increase  in  height  of  load  fall  was  observed.  Since  by  tentative 
exneriments  the  other  explosives  studied  by  Caste  (collodion,  tetryl,  hexyl  and 
oicric  acid)  behaved  analogously,  the  investigators  moved  to  experiiasnts  with 
relatively  more  sensitive  substances  —  PETN  and  hexogen.  In  instruments  of 
the  described  type  and  dimensions  (gap  0.03  ma)  in  the  entire  range  of  heights 
from  10  to  40  cm  with  a  5-kg  load  not  one  explosion  was  obtained.  With 

j 

reoetition  of  experiments  with  a  decreased  quantity  of  explosive  (20  mm  instead 
of  50  mt^  separate  explosions  were  observed  at  20  and  30  cm  only  with  PETN  — 
hexogen  did  not  give  explosions. 

Thus,  the  results  of  Caste  and  corresponding  data  of  other  investigators 
for  PETN  and  hoxogen  could  not  be  reproduced.  This  result  is  fully  natural  in 


light  of  the  inveetigetions  and  considerationi  of  N.  A.  Kholevo. 

In  order  to  understand  fully  how  explosion  is  triggered,  Ide  and  his 

collaborators  decided  to  study  the  behavior  of  explosives  dxiring  refusals  and 

used  for  this  purpose  the  little-sensitive  dinitrobenzene  and  dinitrotoluene, 

and  also  trotyl.  In  new  instruments  —  with  permissable,  according  to  Caste, 

maximum  energies  of  impact  (i,e.,  2  kg  to  a  height  of  60  cm,  5  kg  to  40  cm, 

10  kg  to  24  cm,  20  kg  to  16  cm),  it  was  possible  to  observe  that  the  substance 

into/ 

during  impact  is  pressed  into  a  tablet  and  only  in  small  part  is  forced  /  ^e 
gap;  this  part  changes  somewhat,  depending  upon  magnitude  of  gap,  weight  of  load, 
and  height  of  fall.  Under  more  intense  action  —  for  example  with  a  load  of 
10  kg  and  a  fall  of  50  cm  (quantity  of  substance  50  mr^  —  the  substance  was 
mostly  forced  through  the  gap  and  appeared  on  the  lower  side  of  the  piston  heads. 
In  experiments  with  dinitrobenzene,  part  of  the  extruded  substance  on  the  surface 
was  wsakly  tinted  a  greyish  color*,  i.e.,  apparently’’,  the  substance  was  strongly 
heated  and  decomposed.  During  experiments  with  trotyl,  in  one  or  two  places  on 
the  piston  faces  were  observed  flashes,  which  with  the  flow  of  the  substance 
were  prooagated  in  the  gap  and  through  it  outwordly.  Application  of 
thermosensitive  substances,  undergoing  nonrcversible  changes  of  color  at  the 
achievement  of  a  definite  temperature,  showed  that  coloring  did  not  change 
between  the  piston  faces.  The  substance  thrown  out  frcm  the  gap  not  only  was 
melted  (temperature  of  melting  61®),  but  also  changed  color. 

It  is  especially  difficult  to  avoid  extrusion  of  substance  into  the  gaps 
in  case  of  liquid  and  gelantinous  explosives  and,  as  a  rule,  the  action  of 
explosion  is  developed  here  not  on  surface  the  piston  faces;  with  this, 
explosion  appears  the  more  easily,  the  less  the  instrument  has  been  in  use 
—  i.e.,  the  less  the  gap  between  piston  and  sleeve  channel. 


Pr«y«ntliig  th«  potslbiXity  of  •xtruding  the  subetenee  during  impact  strongly 
decreases  the  probability  of  e:iq>loaionf  so  that  eren  highly  sensitive  substances 
such  as  chloratite  1  or  mercury  fulminate  are  not  detcmated  with  the  fall  of  a 
2«kg  load  from  a  height  of  60  cm« 

With  less  accurate  manufacture  of  the  instrument  or  with  its  wear,  the 
state  of  its  working  surfaces  and  pistcm  edges  is  worser»d.  Influence  of  this 
impairment  on  behavior  of  an  explosive  during  inqpact  was  checked  as  follows.  In 
new  instruments  with  ssmU  gaps  (0.Q3  na),  maooth  surfaces,  axxi  sharp  edges, the 
piston  faces  were  roughened  by  means  of  impact  on  a  20  mm^  carbide  of  silicon, 
in  one  case  and  in  another  —  their  edges  were  rounded  (r  »  0.5  na)  in  order  to 
make  easier  the  explosive  flow.  These  factors  were  also  studied  on  old  stamping 
instruments,  whose  gaps  varied  within  the  limits  0.2 — 0.5  am.  Finally  with  ths 
help  of  a  specially  arranged  sleeve  idiich  allowed  the  substance  to  leak  also 
downwards,  the  gap  was  increased  to  1  na.  As  the  e3q>losive,  fine-fibred 
nitrocellulose  (13.4^  N)  was  used;  as  was  shown  above,  in  normalised  instruments 
this  substance  gives  only  single  explosions. 

Results  of  the  tests  are  presented  in  Fig.  9*  From  these  results  it  is 

I  clear  that  the  least  favorable  conditions  for  explosion  are  presented  by  the 

;  normalised  instrument,  in  which  were  observed  only  two  single  explosions.  Under 

I 

■  the  other  conditions  (rough  surfaces,  rounded  edges,  increased  gap)  the 
nrobability  of  explosion  is  greater.  Caste’s  rule  that  with  an  increase  in 

! 

i  height  of  load  fall  the  probability  of  explosion  is  increased»in  many  cases  is 
executed,  however,  only  on  the  condition,  that  his  requirement  fear  the 
instrument  —  small  gap  between  piston  and  sleeve  channel,  smooth  surface  of 
faces,  and  impossibility  of  lateral  extrusion  of  the  explosive  —  are  not 


observed . 


Fig.  9»  Sansitivity  of  nitrocellulose  (13»4^  N,  length  of  fiber  about  0.5 
mm)  to  impact  on  drop  hammer’  in  Caste  instruments,  depending  upon  state  of 
surface  of  piston  faces,  form  of  their  edges,  and  magnitude  of  gap  between 
them  and  sleeve  channel.  (Load  5  kg,  quantity  of  explosive  50  mnr,  number 
of  experiments  in  each  series  6). 

Conditional  designations;  black  block — explosion;  shaded  block — 
decomposition  without  sound;  white  block  —  no  decomposition,  no  explosion, 
l)  State  of  faces;  2)  smooth;  3)  rough;  4)  Magnitude  of  gap  in  mu; 

5)  Height  of  fall  in  cm;  6)  Form  of  edges;  7)  rounded;  8)  sharp. 

In  order  to  clarify  whether  these  observation  have  a  general  character, 

the  experiments  were  repeated  with  a  crystaline  substance  —  PETN  in  the  form  of 

small  particles.  Results  of  these  experijnents,  depicted  in  Fig.  10,  are 

distinguished  from  those  presented  in  Fig.  9  in  that  the  transition  from  smooth 

faces  to  rough  or  an  increase  of  the  gap  to  0.2 — 0.5  mm,  with  smooth  faces  does 

not  lead  to  an  increase  in  the  frequency  of  explosions,  at  the  same  time  \dien 

under  all  remaining  conditions  a  significant  increase  is  observed. 

These  results  confirm  that  a  normalised  instnanent  not  useful  for  test  of 

powdery  explosives, inasmuch  os  oven  relatively  sensitive  explosives,  idien  tested 

in  it,  do  not  display  this  sensitivity. 


I  Fig.  10.  Sensitivity  of  PETN  (dinensions  of  particles  0. 1—0.2  ran)  to 
impact  on  a  drop  haraoer  in  Caste  instrionents^  depending  upon  surface  . 

•  state  of  piston  faces ,  form  of  their  edges,  and  the  magnitude  of  the  gap 
between  them  and  the  sleeve  channel.  (Load  5  hg,  quantity  of  explosive 
20  mnr,  number  of  experiments  in  each  aeries  6). 

Conditional  designations — same  as  in  Fig.  9>  l-*8-ssns  as  in  Fig.  9. 

Experiments  with  PETN  in  the  foim  of  lar^  particles  (0.1 — 0.5  ran)  showed 

its  sensitivity  to  be  high  (Fig.  11);  the  presence  of  roughness  gives  a  small 

increase  in  frequency  of  explosions,  and' an  increase  in  the  gap  from  0.03  to 

0.5  mm  leads  to  explosions  during  almost  every  experiment.  This  yet  again  is 

I  different  from  the  concl\ision  of  Caste  that  with  small  dimensions  of  particles 

an  exnlosive  is  more  sensitive,  with  big  particles. 

Also  experiments  were  conducted  with  liquid  and  gelatinous  explosives.  One 

,  of  them  was  nitroglycerine,  which  was  tested  with  load  of  1  kg.  Fig.  12  shows 

that  behavior  of  a  liquid  ejqslosive  is  caopletely  different.  For  it  ii\4 

normalised  instrument  with  smooth  faces,  small  gaps,  and  sharp  piston  edges  is 

exactly  suited;  in  such  an  instrument  the  sensitivity  of  the  e:q)losive  agrees 

with  that  indicated  by  Caste. 


/// 


Fig.  11.  Sensitivity  of  PET#  (dimensions  of  particles,  0.1 — 0,5  mm) 
to  impact  on  drop  hammer  in  Gaste  instruments  under  the  conditions 
given  in  Fig,  10. 

1-8-same  as  Fig.  9. 

Presence  of  cants  or  roughness  on  the  piston  surface  with  a  small  gap  leads 
to  only  one  insignificant  decrease  of  frequency  of  explosions  of  nitroglycerine; 
increasing  the  gap  to  0,2 — 1  mm  only  with  rough  surfaces  gives  a  significant 
frequency  of  explosions  of  this  explosive;  in  other  studied  conditions  explosions 
did  not  occur. 

The  investigators  tested  also  gelatinous  exolosive — ammonia  gelatin  1, 
having  the  following  ccoroosition:  37.7!?  nitroglycol,  trinitrotoluene,  1.3/^ 
collodional  cottons,  52.3/^  ammonium  nitrate,  k%  wood  flour  and  0.2  %  prussion 
red.  As  tests  results  showed  the  dimension  of  the  gap  in  this  case  plays  a 
still  larger  role;  its  increase  significantly  decreases  the  frequency  of 
explosions  with  other  conditions  being  equal  (see  Fig,  13). 
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Fig.  12.  Sensitivity  of  nitroglycerins  to  iJKpaet  on  s  drop  hssMsr 
in  Caste  instruments,  depending  upon  state  of  surface  of  the  piston 
faces,  the  form  of  their  edges,  and  the  magnitude  of  gap  between 
them  and  the  sleeve  channel.  (Load  1  kg,  quantity  of  explosive  20 
nmr,  number  of  experiments, in  each  series  o). 

Conditional  designations  the  ssms  as  in  Pig.  9;  l-S-aams  as  Fig.  9* 


'  'ilxnlanation  of  Results  Obtained  and  Proposed  Mechanism  of  Excitation  of 
!  Sxplosion  During  Blow 

I  The  ovm  results  German  investigators  give  for  their  results  the  following 

interpretation,  which  it  is  expedient  to  introduce  p<*rtially  even  textxkAlly. 
"Consideration  of  the  results  obtained  leads  to  the  conclusion  that  sensitivity 
as  a  property  of  explosive  in  general  does  not  exist  or  in  any  case  is  impossible 
to  establish  by  tests  in  small  stamping  instruments  if  the  requirement  of  Caste 
about  preventing  of  lateral  extrusion  of  the  explosive  are  fulfilled." 

At  good  fitting  of  the  piston  to  the  sleeve  (gap  0.Q3  am)  powdery  explosives 
do  not  display  sensitivity.  For  liquid  and  gelatinous  e^losives  these  e<»klitions 
correspond  to  maximum  sensitivity.  ... 
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Fig.  13*  Sensitivity  annonis  gelatin  1  to  blow  on  a  drop  hanaer  in 
Caste  instnasants,  depending,  upon  state  of  surface  of  piston  faces,  the 
form  of  thsir  edges,  and  the  mi^piitude  of  the  gap  between  them  and  the 
sleeve  channel.  (Load  5  kg,  quantity  of  explosive  60  anK,  number  of 
ejqjer imsnts  in  each  series  o). 

Conditional  designations  the  sane  as  in  Fig.  9.  l->dHBame  as  Fig.  9. 
ApparentJy,  however,  in  this  case  the  esqplosive  flows  and  is  detonated  at 
being  pressed  through  with  great  speed  in  a  narrow  gap,  inasmuch  as  explosions 
occur  not  between  the  piston  faces  but  in  the  gap.  If, however,  the  gap  is  made 
larger  then  speed  of  extrusion  and  intensity  of  influence  on  the  explosive  fall 
so  much  that  explosions  are  observed  only  in  isolated  cases  or  are  quite  stopped; 
this  can  lead  to  the  false  conclvuiicms  that  such  dangerous  esqslosives  as 
nitroglycerine  or  dynamite  az*e  little  sensitive  to  aischanical  influences. 

Powdery  esqplosives  during  impact  at  first  are  ccoqsressed  into  a  tablet  and 
only  with  great  energy  of  this  impact  or  with  a  large  gap  can  they  be  forced  into 
the  latter.  This  pressing  the  German  investigators  consider  without  sufficient  .. 
foundations,  to  be  stipulated  by  the  presence  of  air  between  particles  of  the 


esq^losive  which  carries  alo^  with  it  explosive  during  flow  after  pressure. 
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On  the  basis  of  the  fact  that  with  snooth  piston  faces  and  the  {sresenee  on  them 
of  loads  an  increase  in  the  gap  from  0.Q3  to  0*5  Jn  is  seakly  reflected  on  the 
sensitivity  of  both  nitrocellulose  and  PETN^  one  should  consider  that  in  these 
experimental  conditions  the  gap  does  not  play  an  essential  role,  since  for 
extruded  exploaive  the  volume  of  the  ring,  formed  by  the  rounded  land  is 
sufficient.  One  should  add  that  with  the  exception  of  very  sensitive  esqoXosives 
the  main  action,  about  idiich  it  is  possible  to  judge  by  traces  of  explosion  on 
the  niston  faces  is  observed  on  the  periphery  of  the  charge. 

Slxpediency  of  Development  of  New  Methods 

On  the  basis  of  the  established  regularities,  the  investigators  arrived  at 
the  correct  conclusion  on  the  unfltrMSS  of  the  standard  Caste  method  of  testing 
explosives  for  sensitivity  to  in^ct  and  of  the  necessity  of  developing  a  new 
one  which  would  reflect  the  most  dangerous  conditions  of  actions  possible  to 
meet  during  the  production  and  application  of  explosives.  These  last  conditions, 
I  incidentally,  do  not  correspond  to  those  realised  in  the  standard  method,  based 
on  effort  to  exclude  the  possibility  of  extrusicm  and  movements  in  explosives. 


i 


! 


’  In  the  course/ experiments  it  was  observed  that  the  probability  of 

i explosion  increases  in  worn-out  instruments,  leading  to  the  idea  of  developing 

f 

U  test  scheme  which  would  correspond  to  the  conditions  of  deforsmtion  of 

! 

I  explosives  in  such  instruments.  In  connection  with  this  there  appeared  the  test 

j 

j  scheme  shown  in  Fig.  14fiar  test  during  ixpaob  on  a  film  of  ejqplosive  placed 

> between  the  faces  of  two  steel  free  rollers,  without  directing  sleeves,  that 
could  hamper  the  outflow  of.  the  explosive. 

Inasmuch  as  certain  explosives  developed  especially  high  sensitivity  to 
impact  between  rough  surfaces, it  was  considered  expedient  to  conduct  tests  also 
in  these  conditions.  The  most  siiitable  for  this  purpose  appeared  to  be  steel 
plate  with  notches  as  by  filing. 


Th»  diAgran  of  totting  txplooivto  on  o  drop  haoMr  with  opplieotion  of  otool 
plAtoo  with  notehoo  la  ahoMi  in  Fig*  15*  Platts  saoothtd  froai  btlow  havt  ti^ 

t 

rout  of  notehtt,  idioot  tooth  art  at  an  anglo  of  about  68®  to  ono  anothAr,idth 

tho  distanco  botooon  thM  about  0.25  nm;  thus  thoro  art  about  1500  pyramidal 
2 

points  par  cm  .  On  tho  plate  is  placed  a  batch  of  tho  tested  ojqslosivo,  on 
which  a  roller  with  lands  along  tho  margin  is  then  sot.  Actual  diaastor  of  the 
roller  oni  oquaiU  9  sm.  On  a  surface  with  this  diameter  there  will  be  xwwrly 
1000  points.  A  plate  is  used  for  k  eiqperimsnts  and  is  thsn  replaced. 


Fig.  14.  Scheme  for  testing  explosives  on  a  drop  hammer  between  two 
free  rollers. 

l~insert  in  load  (material  —  unallcyed  steel,  containing  1^  C,  hardness 
60  Rockwell  —  scale  C),  2 — upper  roller,  3 — lower  roller,  4 — 
centering  ring,  5 — anvil,  6->^teel  block.  Material  for  rollers  ~ 
steel  105  Cr  4.  Hardness  60-~>63  Rockwell  (scale  C).  Faces  of  the 
rollers  are  thinly  ground  and  slightly  polished. 

Usefulness  of  methods  of  testing  ej^losives  by  the  schemes  shown  in  Fig.  14 

and  15  was  checked  by  investigators  on  limsgs  crystal  FM  (0.1~-0.5  mm),  whose 

behavior  in  the  standard  instrument  was  earlier  illustrated  in  Fig.  11.  Results 

They/ 

of  these  tests  are  depicted  in  Fig.  16.  / Incidentally  confirm  the  conclusion 
that  explosion  appears  as  a  result  of  flow  of  the  e3q)losive,  ~  the  formation  of 
hot  points  in  Bouden's  concept  is  by  itself  still  insufficient  for  this 


jsthtrwiM  during  iaq»ct  throuidi  a  ttaal  ball  (tat  2  and  3,  Fig.  16)  amaitlTity 


,  lould  ba  graatar  than  through  a  roUar,  in  acnplata  eontradiotioR  to  that  ahieh 
jtakaa  plaoa  in  raality. 


Fig.  15*  Sohaai  for  taating  axploaivta  on  a  drop  hmar  batwaan  a  fraa 
roUar  and  a  plata  ifith  notohaa. 

1— inaart  in  load  (aatarial  —  allograd  ataal»  eontainlng  1  C>  haHtoaaa 
nCCklMal  I  «=  aoala  C)«  2— 'rollirCs&tarial  at^l  2^  Cr  htfdaaaa 

.  60—63  RoekNall  —  aoala  C),  3<*-plata  with  ineialon  (diMMlom  20  x  20  x 
5  BM«  aatarial  —  unalloQrad  ataal  oontaining  1.2— 1.6JC  C|  hardnaaa  60— 

63  Rookaall  —  aoala  C)>  4— anril  (aatarial  —  ataal  105  Or  4»  hdrdnaaa 
60—63  Rookwall  —  aoala  C). 

In  aooordanoa  with  oonditiona  of  tha  taata  tha  invaatigatora  gita  tha 

a 

following  dataraination  of  aanaitivity.  Sanaitlrlty  at  giaan  dafinita  oonditiona 
of  axpariaant  ia  that  alnlaw  anargy  of  imptfit  (product  of  hai^t  of  fall  tiaaa 
waight  of  load)  at  which  tha  aaploaira,  during  a  continuoua  aariaa  of  6 
exparioanta,  at  laaat  onea  givaa  an  axploaion,  i.a.,  ia  daompnaad  eonplataly 
or  partially  with  an  audibla,  althouipi  aoMtima  vary  waak,aound. 

VH.th  thia  ia  iaqjliad  that  it  ia  a  quaation  of  a  aubatanoa  eapabla  of 
axploaion,  idiich  ahould  ba  pravioualy  fijoad  by  appropriata  aathoda.  Thia 
raaarvation  ia  aaaantial,  inaaaueh  aa  thara  ara  aubatanoaa  which  ona  datonatad 
on  tha  drop  haMr,  but  at  tha  aana  tiaa  ara  oharaetariaad  by  a  vary  anall 
ability  to  prc^Mtgata  axploaion.  Apparantly,  thia  ia  tha  oaaa  with  aanoniuai 
aalta  of  dinitroorthocraaol  and  biehroaata  of  aanoniw. 


4. 


1 


Pig.  16.  3M0itlTity  of  Fm  (dlaontloM  of  porticlti  0.l~o.5  m)  to 
impvit  OR  cRfM  «  HMmr  unter  dlfforont  txporuwntal  condltiont. 

(Lotd  5  kg,  quantity  of  •xplotlvo  20  wk?,  nmbor  of  o^q^rinonts  in  o«ch 
••ritt  6). 

1— Caatt  inatriawnt,  now,  gap  0.03  an,  piston  without  lands,  faces  smooth; 
2«>sxploslTS  bstwssn  a  15  x  15  am  stssl  roller  and  a  ball  10  mm  in 
diaastsr;  3— sxplosivt  bstWBsn  plats  20  x  20  x  5  am  with  notches  and  a 
steel  ball  10  am  in  diameter;  4^ften-used  Caste  instrument  with  gap 
of  0.2  to  0.5  am  and  rough  surface  of  piston  faces;  5— explosive  between 
rollers  according  to  Pig.  14;  6-Haplosive  between  plate  with  notches 
and  a  steel  roller,  according  to  .Pig.  15.  Conditional  designations  the 
same  ss  in  Pig.  9. 
a^Height  of  fall  of  load  in  cm. 

Second  reservation  is  given  textually:  "Sensitivity  to  Impact  is  not  a 
constant  of  a  substance,  like  density  or  tesqperature  of  melting;  moreover, 
according  to  our  experiments,  it  depends  on  different  factors". 

In  the  first  place,  sensitivity  as  stipulated  by  the  method  of  test  and 
correspondingly  depends  on  presence  of  shell,  packing,  arrangement  of  test, 
etc.  Secondly,  a  role  is  played  by  the  state  of  the  tested  explosive,  the 
method  of  its  obtaining,  dimensions  of  particles,  and  possibly  also  by  climatic 
conditions  during  the  test.  Third,  the  energy  of  impact  determined  as  the  pro¬ 
duct  of  the  weight  of  load  and  height  of  fall,  is  not  an  absolute  characteristic 
of  sensitivity.  Observations  show  that  for  certain  explosives  this  product, 
i.e.  energy,  necessary  to  obtain  e;q>losion,  decreases  with  a  decrease  of  weight 
of  load;  apparently,  a  role  is  play^i  by  sharpness  of  impact,  which  increases  .  . 
with  an  increase  in  height  of  fall.  The  influence  of  this  factor  could  be 


excluded  by  conducting  tests  at  a  constant  height  -of  fall,  but  this  method  has 


its  own  dr&w  back*. 


Sinc«  during  ij^Miet  on  an  •zploaiv*  tht  whoXt  fOMt  of  tranaitionaX 
I  phenoiaena  frca  tha  abaance  of  viaibla  ehangaa  in  it  to  full  aoqsloaicKi  ia 
I  obaarved,  than  for  cartain  datarmination  thaj  ara  conditionally  dividad  into 
I  thraa  catagoriaa. 

t 

Abaanca  of  raaction  aignifiaa  abaanea  of  daconpoaition  or  ehanga  of 
color,  burnt  odor,  aparka,  or  flaaa. 

Daccmpoaition  (ehanga  of  coloring,  partial  or  full  diaappaaranca  of 
axploaiva  without  flana),  aoowtiaiaa  with  waak  aparking  and  without  aound, 
aonatijnsa  with  a  hard  aatallic  aound  and  with  tracaa  of  taa^ar  coloring. 

Bxploaion  (partial  or  full  diaappaaranca  of  axplc^ira^ aound  can  vary  fron 
very  waak  to  vary  atrong.  Baaidaa,  ona  can  obaanra  flaaa,  aae^lng  fron  tha 
gap  batwaan  facaa  of  roUara,  and  taupar  coloring  on  than  with  dinanaiona  fren 
pinhaad  aisa  head  to  covaring  tha  idiola  aurfaca  of  tha  faea.  In  apaeial 

I  caaaa  a  faw  axploaivaa  wara  ignitad  without  aound.  In  thia  eaaa  tha  phanonanon 
I  ia  daalgrjitad  not  aa  daconpoaition,  but  aa  axploaion,  inaaanich  aa  it  aadxraeaa 
tha  idioXa  taat  and  altarnataa  wfbh  axploaion;  aueh  an  assploaion  ia  aapaeially 
daaigratad  in  the  tablaa  below,  for  example,  by  an  aatariak. 

I  The  invastigatora  uaad  tha  mathoda  thay  had  daviaad  for  taating  aanaitivity 

Iof  e^iploaivaa  to  impact  to  iitudy  a  aariaa  of  aaq>loaivaa.  Raaulta  of  thaaa 
exparinanta  ara  Ira  tad  below. 

I  First  Teat  Method.  Intended  for  Powtory  Exploaivaa  (Impact  on  a  Charaa  Located 
Batwaan  Two  Rollars  Without  Slaavaaj 

Tests  wara  conducted  according  to  tha  achana  shown  in  Fig.  14.  Batchas 

of  eaplosivas  wara  aalactad  volume  and  changed  within  tha  limits  10»d0  mm^. 

Tha  most  expedient  appeared  to  be  a  taat  with  40  at  a  load  of  5  kg. 

We  applied  drop  hawMr  of  two  types  -  ona  of  tho  usual  Caata  type  for  loads 

of  1  to  20  kg,  and  tha  other  for  loads  of  25  to  1000  g.  Tha  raaulta  of  tha 

4. 

AfT 


I 


I 


i 


tflcpwiaMitt  tr«  glTon  saleetlwly  In  Table  2. 

For  eertaiii  txploeires,  including  relativelj  weak  ones 
(dinitroeoperitaaethylenetetraaine,  aside  of  barium,  bichrtmuite  of  aneonium,  ete.)> 
it  is  possible,  bsr  increasing  the  heij^t  of  fall,  to  attain  an  increase  in 
frequency  of  exj^osions  up  to  obtaining  them  at  all  6  experiments; other  explosives 
for  examine,  donarite,  tetryl,  pcwder  pulp  do  not  give  this  result;  sometimes 
even  a  decrease  of  frequency  of  esqfjlosions  with  increase  in  height  of  fall  of 
load  is  observed  (tetranitrocarbasole) . 

Certain  eoqplosivea  gave  only  single  explosions  (for  example, 
trinitronaphthalane)  or  es^osions  «ily  with  large  heights  (for  example,  asides 
of  alkali  earth  metals,  picric  acid).  For  certain  substances  decoaqwsition 
without  sound  was  observed  (ammonium  nitrate),  but  others  in  general  did  not 
react  to  impact  (guanidine  nitrates,  nitroguanidine,  dinitro~cresol, 
trinitrotoluene) , 


Table  2 


(See  Table  2  On  Following  Page) 


Table  2 

Hesolta  of  tests  of  certain  explosives  for  sensitivity  to  ii^t  blow  on 
I  a  drop  hsnisr  between  10  x  10  and  15  x  15  sb  steel  rollers.  (Load  5 
'  quantity  of  exploaive  40  nar;  nunber  of  dsc<sq>oaitions  (P)  and  e3q>loaicns  (B) 
(  per  6  experinentsj  dash  signifies  aero) 


3 

Note.  Vdth  teste  of  20  arui  60  oor  of  picric  acid  analogous  results  were 
*  received. 

^  Ignition  vdthoat  sound. 

1)  Explosive;  2)  Diaension  of  particles,  am;  3)  Result;  4)  Height  of  fall  of 
load  in  cm;  5)  Sound  of  explosion;  6)  PWH;  7)  Potassium  salt  of 
hexanitrodiphenylsnine ;  8)  Nitrocellulose,  13  *4^  N;  9)  Sodium  salt  of  dinitro- 
'  cresol;  10)  Collodion,  12.25^  N;  11)  Hexogen;  12)  Hexanitrodiphenylamine;  13) 
Donarite  1;  14)  Trirdtrorssorcinate  of  lead;  15)  Perchlorate  of  amaonium;  16) 
Pyrotechnic  composition;  17)  Tetryl;  18)  Picric  acid;  19)  Fine-fibred;  20)  Coarse¬ 
grained;  21)  From  weak  to  strong;  22)  Weak;  23)  Strong;  24)  From  very  weak  to 
weak,  oartial  ignition  without  sound;  25)  Frcm  weak  to  medium-strong;  26)  Very 
strong;  27)  Fi'om  weak  to  medium-etrong,  including  1  ignitiai  without  sound  *. 


Itesisltt  Mctivttd  with  a  load  of  1  kg  for  the  noet  seneitive  of  the 
exploalvee  given  in  Table  2  are  given  in  Tahl^  3*  Conqoariaon  of  these  tables 
allows  to  draw  the  follovdng  conclusions  with  transition  frctn  a  load  of  5  kg  to 
one  of  1  kg  the  height  of  fall  is  increased  less  than  5  tines;  critical 
energy  of  inpact  decreases  with  an  increase  in  height  of  fall.  A  load  of  1  kg 
is  not  always  sufficient  for  reliable  triggering  of  esqploeion.  Thus,  in 
ecq^erinents/pyroxylin  in  spite  of  a  decrease  of  quantity  of  explosive  to  10  mP 
only  50^  e3q)losions  will  be  attained  and  for  collodion  only  single  unit 
explosions  are  observed.  Regular  increase  in  frequency  of  explosions  with 
height  of  fall  of  load  is  shown  by  PETN,  hexogen,  potassium  salts  of 
hexanitrodiphenylsmine  and  thermally  unstable  nitrile  of  aaoisobutyric  acid. 


Table  3 


(See  Table  3  On  Following  Page) 


Table  3 

Reaultf  of  tests  of  certain  explosives  for  sensitivity  under  iaspact  on  a 
drop  hsamer  between  10  x  10  and  15  x  15  na  steel  rollers.  (Load  1  kg;  quantity 
of  explosive  10  nir  j  number  of  deccnpositions  (P)  and  explosions  (B)  per  6 
experiments;  dash  signifies  sero) 
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*Ignition  without  sound.  . 

1)  Explosive;  2)  Dimension  of  particles,  nn;  3)  Result;  h)  Height  of  fall  of 
load  in  cm;  5)  Sound  of  explosion;  6)  PETN;  7)  Potassium  salt  of 
hexanitrodiphenylamine ;  8)  Hexogen;  9)  Nitrocellulose,  13./^  N;  10) 

Collodion,  12,2%  N;  11)  Sodium  salt  of  dinitro-cresol;  12)  Hexanitrodiphenylamine 
13)  Fine-fibred;  14)  From  weak  to  strong;  15)  Weak;  16)  From  weak  to  medium- 
strong;  17)  From  very  we*^  to  weak  —  with  test  of  40  nor  strong  sound;  18) 

V/ith  test  of  20  nmr  reacts  more  frequently. 


The  investigators  explain  results  of  tests  of  different  explosives  on  a 
drop-hammer  on  the  basis  of  the  following  considerations. 

Under  action  of  impact  of  falling  load,  after  achievement  of  definite 
pressure,  the  tested  powdery  e:q)losive  starts  to  be  forced  between  the  faces 
.with  significant  speed,  which  plays  an  essential  role  in  triggering  explosion. 
If  possibility  of  extrusion  is  absent,  then  sensitivity  is  strongly  decreased. 

For  a  powdery  explosive  under  the  described  test  conditions  influence  is 


sufficient  f<M*  friction  during  flw,  breaking  of  crystals  etc.  to  cause 
explosion;  liquid  and  gelatinous  explosives  due  to  their  high  fluidity,  require 
more  severe  conditions  of  flow. 


Fig.  17*  Crown  of  deep  notches  on  faces  of  steel  rollers  after 
eaqjlosion  of  tetryl.  (Load  5  kg,  height  of  fall  60  cm,  qxiantity 
of  e^loaive  40  onr ;  test  in  instrument  assembled  according  to 
diagram  in  Fig.  14). 

On  the  left  is  the  face  of  the  lower  roller,  on  the  right  that  of  the 
upper. 

Such  an  explanation  is  favored,  in  particular,  by  observations  made  during 
e:jn>eriments  with  tetryl,  vrtiich  is  usually  more  frequently  decomposed  without 
than  with  explosion  with  smooth  faces.  At  removal  by  acetone  of  residue  of  the 
explosive  on  periphery  there  was  detected  a  series  of  deep  radial  notches,  which 
were  located  on  both  the  lower  and  the  upper  rollers  and  looked  as  if  they  had 
been  burned  by  a  microburner  (Fig.  17).  Since  other  phenomena,  including  weedc 
temper  coloring,  were  not  detected  nearby,  one  can  consider  that  these  notches 
on  the  faces  of  the  rollers  appeared  as  a  result  of  local  explosions  with  high- 
temperature  products. 

The  fact  that  notches  appear  only  on  periphery,  in  narrow  ring-shaped 
aone  about  0.5  nm  in  width,  indicates  that  only  here  appear  conditions  for 
explosion.  Apparently,  the  radial  direction  of  notches  is  connected  with  the 
radial  flow  of  particles  of  the  explosive.  The  triggering  of  explosion  on  the 
periphery  of  the  faces  is  also  supported  by  the  location  of  temper  coloring 
which  is  frequently  limited  to  the  peripheral  aone. 


i 


Jm  ft  mfttter  of  fftct,  trlggftring  of  txplotion  undtr  ispftet  ha*  aany  of  tha 
gftnarftl  charftctaristiea  of  triggaring  during  frietion;  tha  lattar,  posaibl^, 
is  a  necassary  e<xidition  for  triggaring  of  axploslon  undar  iapact. 

Second  Tast  Msthod.  Intandad  for  Ilould  and  Galatlnoi:*  axploalvas  (Ssoftct  on 

Charge  Locatad  Batnaan  Tvro  Rollars  With  Slaavasj  | 

Liquid  and  galatinoua  ajmloalvas  are  not  detonated  In  tests  tha  first 
method.  Sufflcianty  high  frequency  of  explosions,  corresponding  to  their  danger 
in  handling,  are  obtained  for  liquid  explosives  in  worn'>out  staiqslng  instruments 
with  rough  piston  faces  or  in  instruments  with  smooth  faces  (with  or  without 
lands),  but  with  small  gaps  present  in  the  sleeve.  These  conditions  are  more 
definite,  and  therefore  it  is  recoenended  that  testing  of  liquid  e3q>lo*lves  be 
oriented  on  them.  Diameter  of  rollers  was  taken  equal  to  10  nm,  the  thickness 
of  sleeve  to  3  nm,  height  to  13  nm  and  gap  (difference  of  diameters)  no  more 
than  15  miorons*  Data  obtained  in  test  of  nitroglycerine  and  nitroglycol  by 
this  method  are  given  in  Table  4* 

Table  4 

Tests  of  liquid  explosives  for  sensitivity  to  impact  on  a  drop  haaner 
between  10  x  10  mm  rollers  with  bounded  lands  in  the  presence  of  a  sleeve. 

(Load  0.1  kg;  volume  of  tested  e:q)losive  10  m?;  number  of  explosions  is 
given  from  6  experljaents ) 
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Note.  Sound  of  explosion  very  strong. 

1)  Sxplosive;  2)  Height  of  fall  in  cm;  3)  Nitroglycerine;  4)  Nitroglycol 

Third  Method  of  Test  of  Sensitivity  of  Explosive  (on  Plates  with  Notches) 

Tests  were  conducted  according  to  the  scheme  shown  in  Fig.  15.  Their 

results  are  given  in  Tables  5  and  6.  Data  in  Tables  5  and  6  show  large 

sensitivity  of  the  test  method  used.  This  sensitivity  appears  as  a  fast  increase 


in  th*  flrtqfUMiey  of  •?q[)lotions.  AdvantngM  of  nsthod  &r«  thoim  not  only  in 
totto  of  hii^iHMniitlvlty  txplotives.  Thus,  iMls  picric  acid  bstiMon  roUsn  { 
is  dst<»iatsd  in  separata  cases  %dth  a  100-^  height  of  fall  of  load,  on  a 
plate  with  notches  it  regularly  gives  weak  asqplosions  with  the  sane  load  (5  kg) 
starting  treat  a  height  of  20  cn.  And  with  this  method  an  increase  in  frequency 
of  e^qplosions  is  observed  in  the  case  of  a  decrease  in  weight  of  load  at  a  given 
energy  of  iopact. 

An  advantage  of  the  nsthod  of  testing  explosives  oh  plates  with  notches 
is  the  possibility,  with  a  load  not  exceeding  20  kg,  to  detemine  the  sensitivity 
of  even  such  little-sensitive  esploeives  as  dinitrobensene,  iMch  cannot  be 
done  on  roller  instruments. 

The  great  ease  of  appearance  of  explosion  csi  plate  with  notches  to  as 
eonq)ared  to  that  on  rollers  is  explained  by  great  restriction  in  this  case  of 
the  radial  flow  of  the  explosive.-  Characteristics  of  this  flow  during 
ejqjlosion  are  detected  by  the  location  and  direction  of  the  usual  carbonised 
residues  and  by  the  tender  coloring  on  the  surface  of  the  upper  roller  face  , 

)diich  frequently  start  from  imprints  of  the  notch  ridges  and  are  directed  along 
the  channels  or  radially. 

It  is  natural  to  assume  that  at  the  points  of  contact  of  notch  ridges  and 
the  roller  face  heatups  will  appear  as  a  result  of  conversion  of  deformation 
energy  into  heat.  These  heatups,  in  combination  with  destruction  of  crystals 
during  Impact  and  processes  of  flow  of  explosive  in  the  grooves,  caiise  explosion. 

The  high  sensitivity  of  the  considered  method  of  testing  explosives  is 
stipulated  by  the  fact  that  Impact  energy  is  distributed  here  nonuniformly. 

Besides,  in  grooves  of  plate  there  remains  more  explosive,  than  on  the  face  of 


I 


flat  rollers. 


Centra  ChOTcfriitie  of  Stuiltlvlty  of  mtwrnit  gaOPtlm  Aecwtijig.  to,  _ 
Yariom  Mtthodi  of  TMt 

Coo^jiion  of  the  data  obtained  during  teeta  on  plitea  and  in  roller 
iieitruHinta  are  preaentad  ixi  Table  7* 

By  data  from  the  teata  oonduetad,  and  f iz«t  of  all  f^oai  taata  on  platea 
with  notches,  the  inveatigatora  divided  the  atudiad  aubataiwea  into  growpt 
by  sensitivity  in  the  following  aannar: 

1  group  :  not  aenaltive  to  ijiq)aet(with  a  load  of  5  kg  in  the  given  teat 
conditions  neither  decoopoaitlon,  nor  e]q>loaion  ie  obaarvad); 

2  group:  little  sensitive  (with  a  load  of  5  or  1  kg  only  deeoBQ>oaiti<xi 
is  observed); 

3  group:  sensitive  to  ijqMict  (with  a  load  of  5  or  1  kg  explosions  are 
observed  tdiich  do  not  occur  with  a  weight  of  0.1  kg  or  leas). 

VAth  this,  in  accordance  with  the  expariaantal  data  in  hand,  it  is 
possible  further  to  subdivide  es^loaivea  of  group  3  into  the  following 
subgroups : 

a)  conditionally  sensitive  to  iapact  single  explosions; 

b)  sensitive  to  ii^pact,  but  frequency  does  not  increase  to  lOG^  or  explosions 
occur  irregular!^’’; 

c)  normally  sensitive  to  is^Niot  in  the  sense  that  |»*cbability  of  explosion 
is  steady  and  increases  more  or  lass  fast  from  0  to  explosions  in  all  6 

j  experiments. 
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U  group:  very  sensitive  to  impact  (explosions  occur  even  at  a  load  of 
0.1  kg  or  less  with  regular  increase  in  frequency). 

This  division  is  conditional,  but  it  gives  the  possibility  to  be  oriented 
in  a  oractical  aporaisal  of  the  danger  of  exolosives. 

According  to  data  from  tests  on  olates  with  notches,  exp?.osives  can  be 
classified  as  follows: 

group  1  —  guanidine  nitrate,  dinitro  derivative  benaene,  dinitrocresol; 

grouD  2  —  trinitrotoluene; 

group  3  — a)  trinitroaniline ; 

3  b)  asmonia  gelatin  3>  tetranitrocarbazole,  pyrotechnic  composition  based 
on  nitrate  of  barium,  iron  filings  and  aluminum,  n-nitrophenolate  of  sodium. 

J  c)  nitric  acid  ester  of  cellulose  tissue — pyroxylin  and  co-..lodion; 
hexanitrodiphenylamine  and  its  potassium  salt;  perchlorate  and  bichromate  of 
asnonium;  azide  of  alkali  earth  metals;  trlMtro  compounds  of  phenol,  resorcin, 
benzoic  acid,  and  naphthalene;  sodium  and  aasnonium  salts  of  dinitrocresol; 
chloratite  1  and  donarite  1;  gas  generating  substances  — 
dinitrosopentamethylenetetramine  and  nitrile  of  azoisobutyric  acid;  tetryl; 
ethylendiamine  dinitrate,  oxycyanide  of  mercury;  oxalate  of  silver;  hexogen. 

group  k  —  armstrong  mixture  (XCIO3  and  red  phosphorus,  75/25),  organic 
oeroocLdee  —  hexamethylenetriperoxidediamine  and  peroxide  of  tricycloacetone; 
cyanurtriaaide;  salts  of  heavy  metals  of  hydrazoic  acid  (Pb,  Hg),  fulminic  acid 
(Hg),  styphnic  acid  (Pb),  oxalic  acid  (Hg)  and  acetylene  (Ag,  Hg,  Cu);  tetrazeno 
arxi  nitric-acid  esters  —  eryihritetetranitrate  and  pentaerythrite  tetranitrate . 


Table  7 

ieneitivity  of  explosivea,  determined  between  two  steel  rollers  and  on 
olates  with  notches,  expressed  as  minimum  energv  of  imoact  at  which  exclosions 
are  observed 

(6  r>arallel  exoarinents ;  arrangement  of  explosives  in  order  of  decrease  of 
sensitivity  on  plates  with  notches) 


1)  .ixolosive;  2)  Dimension  of  explosive  oarticles,  nan;  3)  Minimum  energy 
of  impact  in  kG  •  m;  4;  between  steel  rollers  according  to  scheme  of  Fig. 
14;  5)  on  elates  with  notches  according  to  scheme  of  Fig.  15;  6)  Weight 

of  load  in  kg;  7)  Mixture  of  chlorate  of  potassium  with  red  phosphorus, 
75/25;  0  oilver  acetylide  with  imourity  of  nitric-acid  silver  (frein  HN03' 

solution);  9)  Acetylide  of  mercury;  10)  Cyanur tries ids;  11)  Silver 
acetylide  (from  neutral  solution);  12)  Fine-grained. 
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1-6)  sasit  M  pp  X73j  7)  Silver  acetylide  (from  NH3  -  solution);  8)  Aside  of 
lesd;  9)  Cuprous  scetyUde;  10)  Peroxide  of  tricycloscetone;  11)  Aside  of 
mercury  Hgfijj  22)  HexuBSthylenetrlperoxldedlssilne;  13)  Trlnltroresorclnste 
of  lead;  I4)  Msrcuir  fulminate,  white;  15)  Tetrasene;  16)  Mercury  fxUjidnate. 
gray;  17)  CKalic  acid  mercury;  18)  Srythritete'-ranitrate;  19)  PSTKi  20) 

Nitrile  asoisobutyric  acid;  21)  Chloratite  22)  Tetryl;  23)  Nitrocellulose, 

13.4^  N;  24)  Collodion,  12.2^  N;  25)  Potassium  salt  of  hexanitrodiphenylamlne ; 
26)  Ammonia  I***;  27)  Granular;  28)  Fine-grained;  29)  Fine-fibred;  30)  Fine- 

fine-fibred;  31)  Gelatinous. 
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1-6)  sane  aspp  173;  7)  Amnonihelit  3'WHHfj  3)  Hexogen;  9)  Trinitrobemoic  acid 
10)  Donarite  -tHHHf#;  n)  Dinitroorthocresolate  of  sodium;  12)  Nitroglycerins; 

13)  Trinitroresorcin;  14)  Hexanitrodipheynleinine ;  15)  Nitroglycol;  I6)  Picric 

acid;  17)  Aside  of  calcium;  13)  Aside  of  strontium;  19)  Aside  of  barium;  20) 
Pichromate  of  ammonium;  21)  Powder  pulp  (75^  KNO^);  22) 
Dinitrosooentamethylenetetramine;  23)  Perchlorate  of  aBmK>nium;  24) 

Te trani trocar basole ;  25)  3thylenedianinedinitrate ;  26)  Trinitr onaphthalene ; 

27)  Dinitroorthocresolate  of  anmoni\aa;  28)  pyrotechnic  ccii:q;>ositio»»«t«»»ii •  29) 

Oxycyanide  of  mercury;  30)  Gelatinous;  31)  Fine-grained. 


Table  7  (continued) 


l*^)  eane  aen^lT3i  7)  paranltroj^nolate  of  sodium  (anhydrous);  8) 
Trinitroaniline;  9)  Oocalie  acid  silver 

Values  were  obtained  between  10  x  10  am  steel  rollers  located  in  a  sleeve. 

**  Chloratite  1  consists  of  KCIO^  (88. 5i),  wood  flour  (8.5^)>  and  paraffin  oil 
(35C).  ^ 

'(H»»ABmtQnla  gelatin  1  consists  of  annonium  nitrate  (52. 3%) ^  nitroglycol  (37.7^)> 
trinitrotoluene  (k%)t  collodional  cotton  (1.8^),  wood  flour  (k%),  and  Prussian 
red  (0.2^). 

gelatin  3  contains  axmonium  nitrate  (55%),  diglycoldlnitrate  (22^), 
trinitrotoluene  (5%),  dlnltrotoluene  (6$S),  and  other  conponenta. 

'MHHMOonarite  1  contains  aomonixmi  nitrate  (80^),  aromatic  nitro  compounds  (14^), 
nitroglycerine  (4jt);  and  other  coi^nents. 

sssawspyrotechnic  composition  contains  nitrate  of  barium  (52%),  iron  filings 
(30^),  dextrin  (9^))  Al  (7%),  and  other  components. 


In  conclusion  the  investigators  underline  the  value  as  a  factor  of 
triggering  of  ejq>losion  of  narrow  slots,  through  which  explosives  especially 
liquid  or  gelatinous,  are  pressed.  Such  phenomena  can  take  place  during  pressing 
in  pressure  cast  molds,  during  mixing  in  mixers,  if  the  wings  of  mixer  approach 
too  near  the  walls,  in  machines  for  gelatinous  explosives,  etc. 

Another  essential  factor  in  the  triggering  of  ejqploeion  during  impact  is 
the  possibility  of  extrusion  of  the  substance,  as  is  also  the  state  cf  the  impacting 
sxir faces  (smooth  or  rough). 

Conclusion 

The  considered  experimental  data  and  considerations  of  foreign  investigators 
basically  are  in  agreement  with  the  results  of  the  work  of  N.  A.  Kholevo,  done  by 
him  and  pai*tially  published  significantly  earlier.  Thib  includes  the  depeadenee  ' 


of  Mnsitlvlty  on  the  poseibillty  of  flow  of  the  exploeive  during  ij^)aet  an  a 
droD  hanner( presence  and  magnitude  of  gaps),  on  the  ability  of  the  explosive  to 
flow  (distinction  between  powdery  explosives  on  the  am  hand  and  liquid  and 
gelatinous  on  the  other),  the  optionality  of  parallelism  betimen  frequency  of 
explosions  and  height  of  fall  of  load,  etc.  Moreover,  N.  A.  Kholsvo  in  his  own 
conclusions  advanced  significantly  further  than,  for  example,  the  German 
investigators.  He  not  only  ascertained  the  variability  of  sensitivity  (frequency 
of  exolosions)  under  different  conditjcxis,  but  also  gave  a  well*^ounded 
explanation^  of  the  influence  of  these  conditions. 

New  in  the  work  of  the  German  Invectigators  is  the  proposal  of  the  third 
method,  (besides  instruments  No.  1  and  2  in  German  modification)  i.e.,  to  apply 
the  test  by  impact  on  plates  with  notches,  with  which  sensitivity  of  many 
explosives  appears  much  higher  than  with  other  methods.  In  essence  thiVn^ 
surprising,  since  in  the  method  of  plates  with  notches,  the  impact,  owing  to 
the  Cdoplexity  of  the  outflow  of  the  explosion  creates  increased  pressure,  and 
besides,  contact  of  the  notch  ridges  with  plane  of  roller  can  lead  to  local 
heatups.  Similar  heat  ups  were  ol^tained  by  Bouden  /~1_7  impact  on  a  needle 
nlaced  on  tns  anvil;  he  measured  the  temperature  appearing  in  this  case  and 
showed  that  easily-burning  explosives,  like  cynurtriaside,  can  be  detonated  in 
this  way. 

To  trigger  burning  of  difficult-burning  explosives  one  needs,  besidss 
heatun,  high  nressure,  iidiich  is  created  during  experiments  on  plates  with  notches. 
Besides,  as  distinguished  from  experiments  with  two  rollers,  iMatup  appears  while 
the  layer  of  explosive  between  the  plate  and  the  roller  still  has  sufficient 
thickness  so  that  burning  can  be  propagated  in  it,  this  is  not  always  assured  in 
tests  of  low-viscosity  explosives  between  two  rollers, 

^See  nresent  collection,  oage  5. 


PotliiTt  Sid*  of  tMt  on  platM  with  notchts  contitt*  alio  in  tha  fact 
that  local  haatnp  la  eraatad  In  knoim  Maania  indapandantlgr  of  propartiM 
(fliddltj)  of  tha/  and,  if  it  ia  able  to  burn,  than  thia  ability  can  ba 

datalopad.  In  aaaanCa«iapaet  on  an  axploaiva  an  plataa  with  notchaa  ia  a  tact 
cm  inflMnability,  although  tha  lattar  ia  aatabllahad  in  tha  givan  caaa  undar 
aaaawhat  intofinita  conditiona. 

Nhan  aa  conduct  taata  in  inatruaanta  No.  1  and  2,  in  enrdar  to  racaiva 
axploaion  aa  auat  not  only  anaura  tha  poasibllity  of  ita  propagatiem,  but  alao 
eraata  tha  conditiona  for  triggering  thia  axploaion.  Abaanca  of  tha  lattar 
laada  to  rafuaala.  For  axaapls,  aside  of  lead  in  inatrvasanta  No.  1  and  2  do  not 
give  axploaiona  for  thia  reason,  or  nitroglycerine  or  trotyl  in  Inatrunant  No.  2. 

Bearing  these  considerations  in  mind,  one  should  racogrJaa  that  tasting 
on  pi .tea  ifith  notehaa  ia  useful  in  tha  aanaa  that  if  it  gives  a  negative  result, 
than  thia  is  proof  of  tha  low  inflannability  of  the  tasted  axploaiva. 

Tha  results  of  LJungbarg's  ajqmriments  are  interesting,  inasmuch  as  they 
show  that  change  of  stress  in  tine  undar  impact,  taken  by  N.  A.  Kholavo,  without 
direct  ajqMrlBantal  proofs,  exists  in  reality. 

Tha  reader  may  ask,  if  these  foreign  authors  basically  repeated  paths 
already  taken  by  N«  A.  Kholavo,  whether  it  is  necessary  for  us  to  consider  these 
works. 

Such  cemaideration  is  expedient,  in  particular,  because  the  works  of  N. 

A.  Kholavo,  owing  to  the  great  originality  of  his  presentations,  were  not  in  good 

time  properly  evaluated  by  many  investigators  and  did  not  receive  that 

developoent  and  use  that  they  merit.  In  connection  with  the  circumstance  that 

foreign  investigators,  in  cxrder  to  obtain  an  objective  concept  of  the  sensitivity 

the/ 

of  explosives,  came  upor/simw  path  followed  by  N.  A.  Khclevo  and  arrived  at 
certain  of  his  conclusions  which  it  would  be  useful  to  know  to  a  wide  circle  of 
persons  conducting  work  with  explosives  and  especially  to  these  investigators  who 


till  now  could  not  in  the  propor  muaxw  undtrstand  and  aatimta  tba  valiio  of  the 
worka  of  N.  A.  Kholevo  to  the  ecienee  of  exploaion  and  the  Bvpport  of  •afet7 
during  work  with  exploaivea. 

Side  by  aide  with  thia,  the  inveatigationa  eonaidered  contain  meh  actual 
material  on  the  aenaitivity  of  a  large  number  of  exploaivea  under  Tarioua  teat 
conditiona  and  thua  offer  aignlficant  value  not  only  aa  confirmation  of  many 
concluaiona  of  N.  A.  Kholevo,  but  alao  in  thonaelvea. 

Beaulta 

Inveatigationa  of  American,  Swediah  and  German  inveatigatora  on  the 
aenaltivity  of  eoqsloeivea  to  impact  lad  them  to  a  concluaion  on  the  atrong 
changeability  of  aenaltivity,  depending  upon  teat  conditimia  and  the 
nhyalcctaechanical  propertlea  of  tha  ejqtloeive.  The  uaual  teata  on  a  drop 
haionar  In  Caste  atamping  Inatrumenta,  aa  well  aa  any  other  aimilar  teat,  cannot, 
taken  alone,  give  a  full  characterlaation  of  the  danger  of  exploaivea  in  handling. 
Therefore  In  the  aelection  of  the  teat  method  it  ia  neceaaary  to  take  into 
account  the  physical  propertlea  of  the  aubetance  and  the  character  those 
influences,  In  reference  to  that  Irhich  one  la  required  to  eatabliah  the  degree 
of  its  danger. 

New  variants  are  recoomended  of  tests  of  exploaivea  for  aenaltivity  to 
Impact  —  teata  between  two  rollers  without  a  sleeve  for  pc/wtory  (distinctly 
viscous)  explosives  (analogous  to  instruatent  No.  2  of  N<  A.  Kholevo),  between 
two  rollers  with  a  sleeve  with  a  small  gap  for  liquid  and  gelatinous  eaploaives 
(analogous  to  Instrument  No.  1  of  N.  A.  Kholevo)  and  between  a  roller  and  a 
olate  with  notches,  useful  for  exploaivea  of  diverse  physical  structure. 

The  results  and  conclusions  of  foreign  inveetigatore,  the  most  part  repeat 
and  thus  confirm  those  data  and  conclusions  reached  much  earlier  ty  N,  A. 

Kholevo  in  the  Kasan'  Cliemcial-Technological  Institute. 
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II.  TRcBMAL  LiSCdlPOSmCll  £XPLOSIVSS 

K.  K.  Andreyev  aad  G.  N*  Betpalov 

9.  On  the  Influence  of  Water  On  the  Deccopoeitioo 

Increaeed  Teicperatiirea 

In  a  n\anber  of  articles  CV  *  L  *  L  l7»  0^ *  DS!  ^  charaetwrietice  of 
thenaal  Uisintegration  of  nitrogl/cerine  (NG)  are  establiebed.  In  vapors  (130* 

150<>)  decoKposltlon  occurs  with  a  speed,  proportional  to  their  pressure,  and  dioixv- 
isbes  in  tine  according  to  a  law,  close  to  the  law  of  reaction  of  the  first  order. 

In  the  presence  of  a  liquid  phase,  the  speed  of  gas  foraation  in  that  saas  range  of 
temperatures  is  less,  moderately  increases  in  time  and  slightly  depends  on  the 
pressure  of  the  products  of  disintegration. 

If,  however,  during  decosspositicn  a  certain  critical  psreesure  of  poroducts  of 
disintegration  is  reached,  then  the  speed  of  gae  foraation  begins  quickly,  approx- 
inately  proportional  to  the  square  oIt  pressure,  increases  and  can  attain  very  large 
values,  one  hundred  and  a  thousand  tines  exceeding  its  initial  value.  "Critical” 
pressure  constitutes  nearly  200  sm  Hg  at  100*.  It  is  not  strictly  constant:  in 
early  stages  of  disintegration,  "critical"  pressure  is  greater;  one  of  the  possible 
causes  of  this  can  be  the  change  in  cooposition  of  the  products  of  deccopoeiticn 
due  to  its  flow;  'critical"  pressure  is  Increased  with  the  increase  of  teaperature, 
obviously  due  to  the  influence  of  the  latter  on  the  solubility  of  gases  in  a  liquid. 

The  caiset  of  sharp  acceleration  of  gas  fomation  after  adiieveeMnt  of  "critical" 
pressure  is  explained,  in  accordan:«  with  the  main  thouihl  ^  Roginskly  £ 

ZS27>'  ^  pressure  detendnes  the  concentration  of  gaseous  products  of 

disintegration  in  liquid  NG.  Apparently,  these  products  -  acids  and  water  -  lead 
to  fast  development  of  hydrolytic  siwl  subsequent  oxidialng-reduction  reactions,  the 


spaed  of  which  is  much  greater,  than  the  speed  of  initial  thermal  disintagration. 

If  decocoposition  is  conducted  at  large  degrees  of  filling  of  the  reaction  vessel, 
when  the  gaseous  products  of  disintegration  almost  wholly  remain  in  the  liquid,  then 
sharp  acceleration  of  decooposition  occurs  at  100^  apprcodmately  after  9  hours.  At 
60®  this  time  is  increased  to  550  hours.  Ths  degree  of  disintegration,  with  which 
acceleration  occurs,  has  an  order  of  one  tenth  of  a  percent. 

All  these  data  refer  to  anhydrous  NG.  In  separate  works  there  are  indications 
on  the  accelerating  influence  of  water  on  deconqjosition  of  nitroglycerine  or  powders 
on  its  base  hJ,  These  indications,  however,  have  either  an  indirect,  or 

qualitative  character.  At  the  same  time  the  influence  of  water  on  decomposition 
of  NG  presents  significant  and  mahy-sided  Interest.  Comaercial  nitro  esters  and 
different  mixtures,  in  the  composition  of  which  it  enters,  always  contain  a  certain 
quantity  of  water.  .NG  esters  are  able  to  be  hydrolyzed.  Hydrolysis  will  form  pro* 
ducts  of  an  acid  character,  which  can  accelerate  it.  Side  by  side  with  this,  the 
products  of  hydrolysis,  entering  the  ooddizing-reduction  reactions,  will  form,  in 
particular,  water,  vdiich  also  can  prcmote  acceleration  of  deconqposition*  In  con¬ 
nection  wdth  this,  it  was  esq^dient  to  study  the  influence  of  water  on  decGiiq>osed  NG. 

The  results  of  this  investigation,  conducted  basically  by  a  method  of  measure¬ 
ment  of  pressure  of  formed  gasos  with  the  help  of  a  manometer  of  the  Bourdon  type 
constitute  the  cnatente  of  this  article. 

£bq>erimental  Part 

Obtainment  and  Purification  of  Nitroglycerine 
NG  was  obtained  by  nitrating  of  dyiuuBite  glycerine  with  an  anhydrous  mixture 
of  chemically  pure  sulphuric  and  acetic  acids  (1  :  1)  at  a  temperature  of  15®. 

After  multiple  waehing  by  a  3$  solution  of  soda  and  water,  NG  contained  neither 
aoid,  nor  aUcalij  end  had  a  temperature  of  hardening  of  12.2® 

Description  of  the  method,  its  advantagee  and  weak  sides  is  given  in 


itif 


r 


Fig.  1.  Instrument  for  moletniXar  distillation  of  nitroglycerine. 

1-cone,  2-cover,  3-branch,  4-<irain. 

In  order  to  avoid  the  possible  influence  of  impariti&s  in  NO,  it  vns  siibjected 
to  purification.  Multiple  crystallization  from  a  fusion,  both  in  stable,  and  also 
in  labile  form  turned  out  not.  to  be  very  effective:  after  three-phase  recrystalli¬ 
zation,  the  ten^rature  of  hardening  was  raised  only  by  0.2^.  Therefore  reeryatall- 
izatlon  from  the  esters  was  undertaken.  After  octuple  recryetaUiiatlan,  the  NG, 

'  liberated  from  esters  by  prolonged  evacuation,  had  a  ten^Mrature  of  hardening  of 
13.0*^.  Further  recrystallization  did  not  increase  this  magnitude. 

'  It  is  possible  to  purify  NG  also  by  molecular  distillation.  The  advantage  of 
this  method  includes,  in  particular,  the  fact  that  in  NG  any  solvent  is  not  Intro- 
j  duced,  to  be  completely  liberated  from  which  is  quite  difficxilt.  This  distillation 
i  was  conducted  in  the  instrument  depicted  in  Fig.  1, 

I  Into  a  cone  1  was  poured  a  small  quantity  (30-40  g)  of  NG.  The  cone  was  covered 

f 

j;d.th  a  polished  cover  2  having  a  digitate  branch  3>  where  it  was  flooded  with  liquid 
;  nitrogen.  A  drain  4  was  Joined  to  the  high- vacuum  installation.  Distillation  was 
conducted  at  residual  pressure  of  10"^  -  ICT^  mm  Hg.  The  NG  was  heated  to  40-50®. 

I 

Upon  settling  in  the  digitate  branch,  the  product  was  collected,  and  for  investi- 
igation  an  average  fraction  was  applied.  After  the  firet  distillation  the  NG  became 
completely  colorless  and  had  a  temperature  of  hardening  of  12.9®>  and  after  the 
;second  (and  third)  operation  13.1®.  Tlie  nitroglycerine,  recrystallized  8  times 
Ifron  the  esters  and  then  subjected  to  molecular  distillation,  had  the  seme  temper¬ 
ature  of  hardening. 


/ry 


V.  V.  Gorbujnov  undertook  an  attempt  to  purify  NG  by  ir^ans  of  recryetallization 
of  it  from  concentrated  nitric  acid  (90^),  not  containir^  oxides  of  nitrogen.  After 
double  recrystalliw-tion  and  washing  from  acid  a  product  was  rsceived  with  a  temp¬ 
erature  of  hardening  of  13,0®. 

From  all  of  these  methods,  molecular  distillation  is  the  safest,  most  reliable 
and  comparatively  simple  method  of  purification  of  nitroglycerine. 

Preparation  of  the  Experiment 

JG  was  thoroughly  freed  from  volatile  impurities,  which  can  auffect  itc  disinteg¬ 
ration,  For  that,  a  system  of  collected  instruments  (fig.  2)  with  nitroglycerine 
in  a  reaction  vessel  1  was  punqjed  at  first  by  a  rotary,  and  then  a  diffusion  punq) 
to  a  residual  pressure  of  10“**  -10  lan  Hg.  It  is  difficult  to  completely  remove 
all  volatile  substances  dissolved  in  IIG,  Alternate  cooling  by  liquid  nitrogen  and 
heating  of  the  reaction  vessel  with  warm  (30-40®)  water  with  continuous  evacuation 
facilitates  their  removal.  Probably,  as  a  result  of  convection  mixing  of  the  Hq^d 
occurs,  which  accelerates  separation  from  it  of  dissolved  volatile  substances.  For 
mixing  of  the  liquid  It  is  possible  to  also  use  a  magnetic  mixer.  In  order  to  en¬ 
sure  CQnq)letene8s  of  removal  of  volatile  substances,  nitroglycerine  especially  in 
large  weights  usually  for  the  duration  of  24-hour8  was  under  a  vacuum.  In  this  case 
an  increase  of  pressure  was  not  observed  in  the  reacticm  vessel  after  submersion  of 
it  into  a  thermostat  and  brief  heating  (2-3  minutes);  otherwise  the  pressure  in¬ 
creased  by  several  millimeters  of  the  meroxury  column. 

For  introduction  of  water  after  evacuation  of  the  system  and  freeing  NG  from 
volatile  soluble  ijapurities  cocks  a  and  f  were  closed  before  the  reaction  vessel. 
Free  >,he  tube  preliminarily  filled  by  water  ^  before  cock  d,  a  little  of  its 
quantity  was  introduced  in  the  space  between  cocks  c  and  d,  i^ence  the  water  vapors 
upcxi  opening  cock  c  filled  the  entire  system,  including  the  sphere  2. 

^  l/ater  before  introduction  of  it  into  the  tube  was  boiled  for  removal  of 
air  dissolved  in  it. 


ihe  pressure  of  water  vapors  (measurement  of  it  was  done  by  a  manooeter  in 
order  to  avoia  possible  condensation,  always  was  less  than  the  steam  pressure  at 
room  temperature  and  was  10-li’  mm  Hg  at  20®  (pressure  of  aqueous  saturated  vapor  is 
equal  to  17.5  nm  Hg  at  the  sams  temperature).  Then  cock  b  was  closed  and  the  water 
vapors  in  the  sphere  were  transferred  into  the  reaction  vessel  1.  For  that  cock 
a  was  opened  upon  cooling  the  reaction  vessel  by  liquid  nitrogen,  ./ater  practically 
was  instantly  condensed  jn  the  vessel  which  one  could  see  by  the  return  of  the 
needle  of  the  manometer  1  to  zero  position. 


Fig.  2.  Diagram  of  Installation  for  preparation  of  experiments. 

l)reaction  vessel  with  diaphragm  manooieter,  2)sphere  for  doMKt 
of  water  and  deterndnation  of  volume  of  reaction  vessel,  3)trap, 

4)mercury  manometer,  5)attachment  for  dosage  of  water,  6)MeLeod 
manometer,  a,  b,  c,  d,  e,  f  -cocks. 

Knowing  the  volume  of  the  sphere,  pressure  and  tenqperature  of  the  water  vapors 
in  it,  one  can  determine  the  quantity  of  water  introduced  into  the  areaction  vessel, 
.1^  measuring  the  pressiure  of  H^O  vapors  and  the  number  of  operatione,  it  is  possible 
to  introduce  into  the  reaction  vessel  any  necessary  quantity  of  water.  However, 

V.  V,  Gorbunov  established  that  with  such  methodology,  core  water  was  intro¬ 
duced  into  the  reaction  vessel  than  was  assumed.  This,  apparently,  is  explidiMKl 
Dy  the  adsorption  of  its  vapors  on  the  wall  of  the  sphere  and  condensation  in  the 

form  of  a  fine  film.  Therefore  in  the  sphere  the  water  wae  more  calculated  accord- 

« 

ing  to  the  law  of  ideal  gases.  In  order  to  avoid  this,  V.  V.  Gorbunov  warmed  up 

*100®/ 

tne  ball  with  water  vapors  to  60  /;  with  this  tsiJ9>srature  the  pressure  of  saturated 


vapor  constitutes  149-76C  Hg  which  decreases  the  aasorption  of  water  vapors  on 
the  walls  of  the  vessel  and,  besides,  allows  to  work  in  a  range  of  pressures  (20- 
50  aa  Hg),  f«ir  ft’om  the  pressures  of  saturated  vapor  at  a  given  teirqserature,  with¬ 
out  lowering  and  even  with  an  increase  of  accviracy  of  neasurement  ^7  this 

nethodology,  introducing  a  definite  quantity  of  water  into  the  vessel  with  NG  and 
measuring  the  equilibrium  pressure  of  its  vapors  above  nitro  esters,  the  investi¬ 
gator  determined  the  solubility  of  water  in  NG  at  40,  60,  80,  and  100®.  These  values 
of  solubility  were  used  in  this  account  for  determining  the  total  amount  of  water 
in  the  reaction  vessel. 

tihen  large  quantities  of  water  were  required,  it  was  introduced  into  the  reacticn 
vessel  by  a  pipette.  To  avoid  volatilization  of  the  water,  evacuation  of  system  was 
accaoplished  with  continuous  cooling  of  the  reaction  vessel  by  liquid  nitrogen. 

After  introduction  of  water  into  the  reaction  vessel,  the  bank  on  the  tube, 
connecting  it  with  the  vacuum  system,  was  re sealed,  and  the  dj.aphragm  device  was 
ready  for  the  experiment.  For  carrying  out  the  experiment  the  device  was  lowered 
into  a  thermostat  in  such  a  manner  so  that  the  whole  reactionary  volume  was  at  the 
tengjerature  of  the  experiment.  The  time  of  heating  of  the  reaction  vessel  con¬ 
stituted  2-3  minutes.  Usually  the  experiment  was  finished  after  the  achievement  of 
atmospheric  pressure,  but  in  certain  cases  it  was  led  to  a  final  pressure,  eqxial  to 
^  2000  ram  Hg. 

After  termination  of  the  experiment,  the  diaphragm  device  was  removed  from  the 
thermostat,  and  pressure  was  measured  of  the  products  which  did  not  condense 

at  room  temperature.  Knowing  and  pressure  at  the  tenqjerature  of  the  experi¬ 

ment,  it  is  possible  to  calculate  a  conditional  quantity  of  gaess,  condensed  at 
room  temperature,  by  the  equations; 


a 

A 


WO-Ai 

ftivom 


where  A  —  >5  of  noncondensing  gases; 

B  —  ^  of  gases  condensed  at  room  temperature; 
p  —  pressure  in  reaction  vessel  at  temperature  of  the  experiment 
T  (°K),  mm  Hg; 

^room~  reaction  vessel  at  rc<Ma  teiqserature 

^room  ™ 

This  calculation  is  conditional,  since  in  the  calculation  of  B,  the  vapor  pre¬ 
ssure  of  condensed  gases  and  their  solubility  in  NG  will  be  disregarded,  and  it  is 
assumed  that  the  reaction  is  stopped  imnediately  after  extraction  of  the  reaction 
vessel  from  the  thermostat. 

The  thermostat  was  a  glass  vessel  with  a  capacity  of  10  liters,  insxilated  on 
the  outside  with  asbestos  and  filled  with  a  liquid  (dlbutylphthalate,  glycerine  or 
mineral  oil),  the  heating  of  vdiich  was  accomplished  by  a  Nichroms  spiral  dipped 
in  it.  Homogeneity  of  temperature  in  the  thermostat  was  attained.  mixing  the 
liquid  of  propeller  mixer,  set  into  motion  by  an  electric  motor.  Constancy  of 
temperature  was  maintained  by  means  of  a  contact  thermometer  with  a  magnetic  head 
of  the  TKM  type,  united  with  a  relay,  turning  off  or  turning  on  the  heater  with  the 
increase  or  lowering  of  temperature  above  or  below  »i^t  was  given.  Temperature  vms 
meitured  by  a  range  thermcxneter.  Its  fluctuations  did  not  exceed  ^  0.1  at  100^. 

Results  of  Eiqjeriasnts 

water  is  poorly  soluble  in  nitroglycerine,  and  therefore,  its  content  in  it 
can  be  changed  only  in  relatively  narrow  limits.  This  is  attained  by  the  change  of 
pressure  of  water  vapors  above  nitro  esters.  According  to  the  law  of  Henry,  the 
concentration  of  water  in  NG  ehould  be  proportional  to  this  pressure.  However  in 
the  course  of  decon^osition,  apparently,  under  the  influence  of  its  products,  sol¬ 
ubility  of  water  in  nitroglycerine  can  strongly  increase. 

Dissolved  water  can  be  combined  also  chemically.  Therefore,  not  only  water 
plays  a  role,  irdtialiy  dissolved  in  NG,  but  also  its  complete  q[uantity  in  the 


reaction  vessel. 


An  essential  influence  on  the  course  of  the  process  is  rendered  by  the  relation¬ 
ship  between  volumes  of  NG  and  the  reaction  vessel,  i.e.,  the  degree  of  filling  of 
the  latter  »  since  it  determines  pressure  at  a  given  degree  of  disinte¬ 

gration  of  a  substance,  and  consequently,  che  concentration  of  gas  products  of 
decon5)osition  in  the  liquid.  In  addition,  on  magnitude  I  depends  the  distribution 
of  water  between  the  liquid  and  gas  f^ases.  The  solubility  both  of  water,  and  also 
the  products  of  disintegration  in  NG,  and  also  the  speed  of  reaction  is  influenced 
by  the  temperature.  Thus,  the  flow  of  disintegration  of  nitroglycerine  in  the  pre¬ 
sence  of  water  uepends  on  a  number  of  partially  mutually  connected  factors. 

The  quantity  of  water  introduced  into  the  reaction  vessel  was  Judged  by  the 
equilibrium  pressure  of  its  vapors  (P*V> )  ,  Knowing  the  solubility  of  H2O  in  NG,  it 
is  possible  by  this. pressure  to  calculate  the  quantity  of  water  dissolved  in  nitro 
esters  and  in  the  gas  phase,  and  consequently,  the  total  quantity  of  water  in  the 
reaction  vessel. 

The  quantity  of  water  in  liquid  phase  is  calculated  by  the  formula: 

^  weight  H20^  *=  kp,j  ,0  • 
where  —  quantity  of  water  in  NG  in  g; 

pj^Q  —  equilibrivim  pressure  of  water  vapors  in  reaction  vessel  in  iim  Kg; 

k  —  quantity  of  water  in  g,  dissolved  in  1  g  of  NG  with  pressure  of  its 

vapors  in  1  mm  Hg; 
n  —  weighed  amount  of  NG  in  g, 

?e'  rf  -.tage  of  water  in  NG  at  a  given  temperature  is  determined  only  by  the 
pressure  oi  water  vapors. 

The  am  nuit  of  water  in  the  gas  phase  is  approximate,  but  with  sufficient  accur¬ 
acy  determined  ac^’ording  to  v!ie  law  of  ideal  gases: 
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;  %  by  weight  H2O  g. 


m/tr 


Influence  of  small  quantities  of  water  on  decomposition  nitroglycerine 


Conditional  designation; 

ra — weighed  amount  of  HG;  I  — degree  of  filling;  pjj  q — equilibrium 
pressure  of  water  vapors  in  the  reaction  vessel;  ^  by  weight 
HnO — total  quantity  of  water  in  reaction  vessel,  with  respect  to 
f  \  —  initial  speed  of  gas  formation,  — time 

V  At  J  i.oitial 

of  achievement  of  pressure  700  mm  Hg,  which  corresponds  to  the 
stage  of  shsup  acceleration  of  gas  formation. 

a)  grams;  b)  mm  Hg;  c)  by  weight;  d) 

•min,  ;  c)  minutes,  '*■  initial 


Fig.  .'n Decomposition  of  IIG  in  the 
presence  of  small  amounts  of  water 
at  100®  and  »  «  0.03. 

lumbers  by  curves  — equilibrium 
pressure  of  water  vapors  and  P*10^ 
(in  parentheses). 


Fig.  4.  Decoopositlon  of  tKl  in  the 
presence  of  small  amounts  of  water 
at  120®  and  4  »  0.006. 

Numbers  by  curves  —equilibrium 
pressure  of  water  vapors  and  1.40^ 
(in  parentheses). 

b)  T  minutes. 
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a)  p  mm  Hg; 


b)  T  minutes 


a)  p  ma  Hgj 


to  <i}  arid  24  hours,  con  wCpor.dir^’Xy. 

As  in  the  case  of  anhyvirous  !’3,  in  the  presence  of  s'iill  q’cantities  of  water, 
the  gas  phase,  colorless  in  the  beginning,  becomes  or  ovvt:  in  the  cocrse  of  aecorn- 
position  (h’Op),  and  the  intensity  of  color  is  gradually  strengthened. 

/tnalogously  proceeds  disintegration  and  at  lower  temperat’^-es.  Tnus,  accorcJj'ig 
to  the  data  of  K.  5.  Flyasunov  at  60*^  and  &»0,80  mm  Hg)  360  hours  after 

the  beginning  of  the  experiiaact,  sharp  acceleration  of  gas  formation  sets  in}  dry 
NG  pro’rided  it  in  550  houiu  (a®*0,85). 


Decomposition  of  Nitrogly'-cerine  in  the  Freserne 
of  Moderate  quantities  of  ^’ater 

The  orignial  dependence  of  the  change  of  pressure  in  time  was  observed  in  moa- 
erate  quantities  of  water  in  the  reaction  vessel,  Mouerate  quantities  of  water  is 
a  relative  concept:  their  lower  limit  little  depends  on  I  and  temperature  and 
corresponds  to  the  equilibrium  pressure  of  H-O  vapors  approximately'  30-50  mm  Hg. 
The  upper  limit  as  will  be  shown  below  greatly'  depends  on  these  factors. 


Fig,  5.  Decomposition  of  NO  in  the  presence  of  moderate 
quantities  of  'water  at  IOC''’  and  6ssi0.0l 


Numbers  by  curves-the  ordinal  nuater  of  c'orve,  equi- 
libriui  pressure  of  water  vapors  and  ®  •  10^ 

(in  parentheses). 

b)  minutes. 


a)  p  rnr.  Hg; 


At  100*^,  different  pressures  of  water  vapors  !’;0  -x.  >’g  an-  higner; 

the  process  pr>^cjdds  in  the  following  form*  If  there  is  ccmparativel;/  little  water, 
then  after  submersion  of  the  reaction  vessel  in  the  thermostat,  the  pressure  in  it 
will  quickly  be  raisea  due  to  the  evaporation  of  water,  ana  A  or  c)l  C  6 

reriains  constant  (fig.  5,  C’urves  2  and  3)«  If  however,  thore  is  rwch  'water,  then  it 
is  evaporated  faster,  than  it  is  dissolved  in  !IC.  Therefore,  in  the  oeginning  the 
pressure  is  above  equilibrium  (curves  4  ana  5),  and  then  it  more  or  less  quickly' 
(after  30-50  minutes)  aecreaseo  to  its  own  equilibrium  value.  An  increase  of  the 
surface  of  OG  and,  consequently,  a  decrease  of  the  thickness  of  its  layer  reduces 
this  time.  Thus,  with  an  increase  of  s'lrface  hy  3  times,  the  time  of  attainment  of 
equilibrium  pressure  was  reducea  to  10  minutes,  i.e.,  was  significantly  less  than 
in  the  first  case. 


After  attainment  of  equilibrium  press'ore,  it  remains  constant  for  a  certain  time, 
then  quickly  falls  to  a  certain  minimum  value  ,  after  which  a  more  or  less 

accelerated  growth  begins.  At  the  end  of  the  fall  of  pressiure,  the  gas  phase  ac- 
quii-es  a  weak  browr.  color,  gradually  becoming  stronger  in  the  course  of  further 


decomposition  (NO-). 


Fig.  6.  econposltion  of  IIG  in  the  presence  of  water  at  100® 

•HUXW  end  OjDOTl  * 

1,'uiubers  by  cur',  us  the  ordinal  nuiituer  of  the  curve,  equilibrium 
pressure  of  water  vapors  and  I  ‘ICr  (In  parentheses). 


a)  p  mm  Hg; 


b)  I  minutes, 


The  sene  ehereeter  of  dieintegrmtioo  of  MG  in  the  pretence  of  mUt  mm  obeerved 
et  tmOfiOt  and  teaperetxires  of  100  end  120®  end  et  end  80® 

(fig.  6,  7,  a;. 

As  cen  be  seen  from  the  graphs,  the  tine  up  to  the  approach  of  the  fell  of 

preiisure  -  the  induction  period  -  strongly  fluctuates,  and  in  general  is  observed 

the  tendency  for  It  to  grow  with  an  increase  of  the  quantity  of  water.  At  100®  and 

d^0,03||ith  an  increase  of  p  fron  54  to  570  mn  Hg  (fig.  5)  the  induction  per- 

H2O 

{ 

iod  is  increased  frcm  35  to  70  ninutes.  It  is  necessary  to  note  that  in  this  case 
due  to  the  relative  slowness  of  dissolution  and  the  soaill-inoRiagnitude  induction 
period,  the  aooent  of  achievement  of  e^iilibrium  pressure  and  the  beginning  of  its 
fall  is  less  clear,  than  at  small  S  and  lower  tenqMratures,  with  which  the  induc¬ 
tion  period  is  greater. 

Stronger  fluctuations  of  the  induction  period  were  observed  at  low  tensperatures 
and  ssoall  4  ,  Thus  at  30®  and  O.03  (fig.  8)  the  period  of  constancy  of 

t 

pressure  with  a  change  of  pressure  ot  water  vapors  from  rv»’  60  to  in/  240  nn  Ilg 

fluctuates  from  600  to  2200  mirutes.  At  one  and  the  same  temperature,  a  stronger 

change  of  time  to  the  beginning  of  lowering  of  pressure  witli  an  Increase  of  pj^^O 

was  noted  at  small  #  .  An  increase  of  p  from  136  mm  Hg  at  -0*0065  (fig. 

HgO 

6,  curve  3)  to  330  m  (fig.  6,  curve  6)  leads  to  an  increase  of  the  induction 
period  from  180  to  1100  minutes,  whereas  at  i  ^^0.003  apprcodmately  in  that  same 
range  of  pressures,  this  magnitude,  from  35  minutes  (fig.  5,  curve  2)  increases  only 


to  50  minutes  (fig.  5  cui*ve  4)  and  oven  at 
constitutes  only  70  minutes. 


PH20 


m  560  xm  Hg  (fig.  r  curve  5)  it 


An  increase  of  temperature  decreases  not  only  the  magnitude  of  the  induction 
period,  but  also  the  range  of  its  fluctuations  depending  upon  the  content  of  water. 
Thus,  at  120®,  «  229  ma  Hg  and  #  a  0.0063  7,  curve  3)  its  mag¬ 

nitude  constitutes  15  minutes  and  changes  comparatively  little  with  an  increase  of 
eqaillbrixim  pressure  of  wster  vapors;  even  at  PH2O*  ^  7,  curve  ?)  •  — I 

the  time  to  th  i  beginning''  f  ^lowering  of  pressure  is'  increased  only  by  2  tlaCs. 


Fig.  7.  Decoaposition  of  IJG  in  the  preaence  of  >«ater  at  120® 

•-mi .  A  -oyaoii 

Numbers  by  curve a- the  ordinal  nunber  of  the  curve,  equilibrium 
pressure  of  water  vapors  and  1  *10^  (in  parentheses). 

a)  p  nan  Ilgj  b)'^  minutes. 


* ,  J-ccsapcoition  of  NG  in  the  presence  of  water  at  80® 

Uuniw.  *  ^ur^'es  Ihe  equ^lbrium  pressure  of  water  vapors 
urd  $  *lCr  (  in  parentheses). 


aj  ^  -iffi  Hgj 


b)  minutes. 


i 


im 


Fig.  9.  Dependence  of  jaagnitude  ftnin  <xi  initial  pressure  of 
water  vapors  in  the  decomposition  of  IIG  in  their  presence. 

Numbers  by  curves — temperature  of  exroriment  and  •  *10^  (  in 

parentheses). 

Pmin  ™  Ph^O  ^ 

Fan  of  pressure  occurs  with  an  increasing  speed,  which  then  decreases.  Time 
of  fall  of  pressure  constitutes:  at  120°  and  I  0.006  approximately  7-10 
minutes,  at  100®  and  1^5*0.006  ,  20-50  minutes,  at  100®  and  ♦  0.03  ,  35- 

45  minutes,  at  80®  and  •  ^  0.03  ,  160-240  minutes. 

W^ith  an  increase  of  initial  pressure  of  water  vapor  st  one  the  '•ame  •  , 

Pjjjjj  is  increased  (fig.  9).  In  fig.  10  are  curves 

Frcmi  the  graphs  in  fig.  9  and  10,  it  is  clear  that  an  increase  of  temperature  Isads 
to  an  increase  cf  p^^^,  and  consequently,  t  ^  a  decrease  of  the  relative  magnitude 
of  fall  of  pressvire. 


'«•) 


Fig.  10.  Oepen  .ence  ol'  relative  magnitude  of  fall  of  pressure  on 
initial  pressure  of  water  vapors  in  the  decem^osition  of  in 

their  presence. 

Numbers  by  curves— temperature  of  esq^riront  and  *  •  10^  (  In 

parentheses ), 

a)  PH-C  ■’mir,  .  b)  p^.^;  me.  Mg. 


/ 


After  Achieveoeat  of  the  miniman,  a  more  or  lees  accelerated  growth  Cit  pressure 
begins.  As  can  be  seen  from  the  (p'M.ptiB  in  fig.  an  increase  of  initial  pressure 
of  water  vapors  leads  to  an  increase  of  the  speed  of  growth  of  pressure  and  reduc¬ 
tion  of  time  from  the  moment  of  passage  of  p^^^  to  the  beginning  of  sharp  acceler¬ 
ation  of  gas  formation. 

The  magnitiuie  of  the  weighed  amount  of  NG  very  weakly  affects  the  duration  of 
the  induction  period.  From  fig.  11  it  is  clear  that  an  increase  of  the  weighed 
amount  of  NG  by  approximately  24  times  at  one  and  the  same  t  ,  in  the  presence 

of  1^  by  weight  water,  practically  does  not  change  the  magnitxuie  of  the  induction 
period,  but  by  one  third  by  (byrw  40  minutes)  reduces  the  time  to  the  beginning  of 
sharp  acceleration  of  gas  formation  after  passage  by  pressure  of  its  minimum. 


Fig.  11.  Influence  of  magnitude  of 
weighed  amount  of  NG  on  its  deccei- 
position  in  the  presence  of  water, 

1-  0  “  ^  (1*0^%  by  weight), 

2 

I  >*  0,0305,  m  *  0.1841  gi  2-  p,^^Q  * 
382  mm  Hg  (l.OA^  by  vreight),  ^  • 

0.0275,  m  4.4085  g. 

a)  p  ran  Hgj  b)  C  minutes. 


Fig.  12.  Change  of  teaqperature  of 
NG  during  its  deccopositicm  in  the 
presence  of  water  at  lOO**. 

Numbers  by  curves-ypresstare  of  water 
vapors  and  i  .'ICr  (in  parentheses). 

a)  p  ran  Hgi  b)  t  “Cj  c)^  minutes. 


A  kncMn  rolA  can  be  played  by  the  oecnitude  of  the  surface  of  the  liqpid  and 
the  thickness  of  its  layer,  since  these  factors  deteroine  the  ease  of  diffuidcn,  on 
the  one  hazid,  of  water  vapors  in  }l&  and,  cm  the  other  hand,  of  gases,  foraing  during 
its  decooposition* 

A  somewhat  faster  acceleration  of  the  reaction  after  p^  with  a  large  weii^ed 
amount  of  NG  can  be  conneeted  self>4ieating  due  to  the  heat,  emanating  during  the 
reaction.  The  experiments,  conducted  Jointly  with  B.  S.  Svetlov,  on  the  determin¬ 
ation  of  the  temperature  of  KG  decocposed  under  conditions  approaching  adiabatic, 
showed  that  a  fall  of  pressure  is  accocpanied  by  a  small,  but  clearly  noticeable 
increase  of  temperature  of  NG  (fig.  12),  and  even  greater,  the  higher  the  content 
of  water. 

Thus,  in  the  presence  of  0.59  and  0.86;^  by  wei^t  water,  the  temperature  of  NG 
exceeds  the  thermostat  temperature  (  10(H  0.05**)  by  0.19  and  0.27*>  correspondingly. 
Then  the  temperature  falls  to  the  thermostat  tesperature.  At  the  stage  of  acceler¬ 
ated  growth  of  pressure,  the  tenperature  of  NG  is  increased  significantly  greater 
and  becomes  higher  than  the  thermostat  temperature  by  more  than  3**  upon  achievement 
in  the  reaction  vessel  of  a  pressure  of  11^20  nm  Hg. 

In  order  to  determine  how  uhe  quantity  of  gases  changee,  which  are  condensed 
at  low  temperature,  in  the  course  of  decomposition  of  NG  in  the  presence  of  water, 
the  reaction  vessel  from  time  to  time  was  removed  from  the  thermostat,  and  pressure 
was  measured  in  it  at  20  and  0  By  the  pressure  at  the  tesperature  of  the  exper- 
ime  t  80®  (this  twaperature  was  selected,  so  that  the  inductitm  period  is  sufficient¬ 
ly  great)  and  at  20  and  0®  the  content  of  condensing  gases  was  determined.  Results 
of  the  experiment  are  in  fig.  13.  In  the  induction  period,  the  pressure  both  at 
high  temperature  (80®),  and  also  at  low  (20  and  0®)  changes  little;  coneequeatly, 
the  qiuantity  of  c<»idensed  gases  remains  approximately  ccmatant.  Fall  of  pressuz^ 
is  acconpanied  by  a  decrease  of  the  ccqitent  of  condensed  gases;  with  the  subsequent 
growth  of  pressure,  their  qxiaatlty  is  increased.  It  is  necessary  to  note  that  gases 


Fig.  X3.  Change  of  pressure  and  amount  of  condensed  gases  (B)  *t 
20  and  0®  in  the  process  of  decooqwsition  of  NG  at  80®  in  tlie  pre¬ 
sence  of  vrater* 

a)  p  am  Hgj  b)  In  %\  c)  IntAxniptionj  d)  T  minutes, 

not  condensed  at  the  tengserature  of  liquid  nitrogen,  appear  cmly  at  the  stage  of 
sharp  acceleration  of  gas  formation. 

Influence  of  Large  Amounts  of  Water  on  Becooposition  of  NG 
The  characteristic  picture  of  decomposition  of  NG  in  the  presencv^  of  a  moderate 
quantity  of  water,  described  in  the  preceding  division,  with  a  fuarther  increase  of 
the  content  of  H^O  changes  again.  Thus,  in  the  soqjeriiaent  with  P^q  *  551  m.  Hg 
4  a  0.0061  ,  in  the  beginning  we  observed  not  a  sharp,  but  slow  and  amall-in- 

raagnitude  fall  of  pressure:  (fig,  6,  curve  B  and  fig,  L!*,  curve  7)  pressure  after 
1320  minutes  fell  to  36  am  Hg.  After  achievement  of  the  niidaaaa  it  began,  but  again 
slowly,  to  grow  with  a  speed,  apprcodmately  equal  to  the  initial  sjwed  of  gas  for¬ 
mation  in  decomposition  of  anhydrous  NG.  Sharp  acceleration  of  gas  formation 

pmisA/ 

/  significantly  later,  than  it  was  observed  in  the  decoxapositim  of  not  only 
moist,  but  also  anhydrous  NG.  Jhus,  in  that  same  experiment  (fig,  14,  curve  7) 

//f 


after  1<30  hours  11,000  cdnutes)  ttie  pressure  in  3  hours  grew  to#w2  at. 
Anhydrous  NO  in  ^ese  conditions  begins  spreading  rapidly  already  after  135  hours, 
but  the  presence  of  leiter  reduces  this  tine  even  to  1?  hours. 


Fig.  14.  Decomposition  of  NG  in  the  presence  of  water  at 

100®  and  ^  0.006.  , 

Hunbers  by  curves — ordinal  number  of  curve,  equilibrium 
pressure  of  water  vapors  and  %  ‘ICr  (in  parentheses), 
a)  p  mm  Hgj  b)  <  minutes. 

During  the  period  of  the  entire  experiment  up  to  the  beginning  of  sharp  acceler¬ 
ation  of  growth  of  pressure,  the  gas  phase  remaineci  colorless;  after-  which  there 
appeared  a  brovm  color,  increasing  in  intensity  with  tijne.  The  same  piienoi^ienon  was 
observed  also  at  a  soae^-^iat  smaller  equilibriiun  pressure  of  ;vater  vapors  (364  inm  lig, 
see  fig.  14,  curve  6),  The  distinction  includes  only  the  time  to  the  beginning  of 
sharp  acceleration  of  gas  forration. 

If  the  speed  of  gas  fonaation  in  a  given  case  characterizes  the  speed  of  the 
reaction,  then  we  .-aiist  conclude  that  with  a  large  content  of  water,  its  influence, 
in  the  sense  of  acceleration,  decreases. 

It  is  necessary  to  add  that  in  separate  experiwnts  Doth  at  100®  •  ^  , 

and  also  at  JO®  •  rw  0.03  the  usual  picture  of  the  influence  of  water  was  not 
observed  (constancy  of  pressure,  fast  fall  and  subsequent  more  or  less  fast  growth 
of  it)  and  in  that  area  of  pressure  of  vapors  of  the  'latter,  for  vdiich  it  is 
characteristic.  Thus,  for  example,  at  100®  and  pjj^Q  »  344  ami  Hg  (fig.  14,  curve  5) 


_  ,  ,  1,1,  rr-TiiT-^'^*'-**''°*'^'^**^'*^'^**^*^^*^^^*^‘^^^^^*^^^*^****‘******^***^'^”‘'^**^ 


for  A  long  tim  prcswre  slcnrl^  gmr  and  only  aftar  ^  180  hoiff a^  tha  growth  of  it 
began  to  ba  qaiekl/  acealaratad;  in  addition  tha  tiaa  to  the  bagiimiag  of  Aarp 
I  acealaration  of  gaa  formation  was  aignificantijr  graatar,  than  it  waa  obwnrvad  in  tha 

Idaconpoaition  of  not  only  m:A,et,  but  alao  av«i  anhydroua  NG* 

Such  a  pictura  waa  obaarvad  alao  at  80*  iVj^o  “  192  mn  Kg;  •  *  0.0258  )  , 

I  (fig.  3);  there  ^a  no  acealaration  of  gaa  formation  for  tha  duration  of  690  hcwra, 
and  during  that  tiaa  praaaura  grew  to  100  an  Hg.  Thia  Indieataa  that  aona  factora 
outaida  of  tha  control  of  the  aaparlatnter  cou3^  appear  to  have  an  aaaantial  in¬ 
fluence  on  the  proceaa  of  tranafomation  in  tha  pr«^eanea  of  water  and,  in  particiOar, 
in  periods  of  tha  approach  of  sharp  acceleration  of  disintegration.  Apparantljr, 
the  role  of  these  factors  increases  with  the  lowering  of  taoparatura  and  dacraaaa  of 
I  ,  since  such  an  effect  was  not  observed  at  hi^ar  taoparatura  (120*,  881 0.006)^ 
and  also  with  a  larger  degree  of  filling  (100*  and  ^*03  ),  ^th  thaaa  last 

conditions,  the  described  change  of  character  of  curve  (t*)  was  not  observed 
even  at  an  increase  of  initial  pressure  of  water  vipora  a2»ot^  to  760  m  Hg.  Add¬ 
ition  of  a  stiU.  larger  quantity  of  water  (1I^}>  with  which  it  is  under  tha  oondi-  . 
tions  of  the  experiment  not  only  in  solution,  but  alao  in  a  Uquid-drqp  state  turbid 

iNG,  significant  extends  the  induction  period  (  to  ^  6  hours);  then  a  vei^’  amall 

! 

'fan  of  pressure  oecun^  passing  in  its  growth  with  a  very  high  speed  (fig.  15). 

5 

I'  One  should  note  that  before  the  beginning  of  fall  of  pressure,  the  water,  aipar- 
'  antly,  under  the  influence  of  the  fcmed  acid  ie  ocnpletely  dissolved  in  the  KG 
{Which  iOiy  be  marked  by  the  disappearance  of  turbidity. 


Fig.  15.  Deocaapoeitiatt  of  HG  in  the 
presence  of  by  weisht,  water 

at  100*  and  IS  0.034 


4^/ 


a)  p  na  Hg;  b)P*  odnutes. 


I  Influence  t4ie  3i*e  of  the  Surface  of  Contact  of  Nitroglycerine 

With  Glass  on  the  Oisintegraticxn  of  This  Explosive  in 
the  Presence  of  Water  ^ 

i 

I  Str^  variations  of  magnitude  of  the  induction  period  and  its  significant  in- 

I 

( 

crease,  observed  in  certain  es^riments  on  the  decccaposition  of  IIG  in  the  presence 


of  water,  can  be  connected  vdth  the  influence  of  the  siarface  of  the  reaction  vessel. 


the  state  of  which  is  difficult  to  control.  In  order  to  explain  the  possibility  of 

! 

I  such  an  influence,  e3q>eriinents  were  performed  with  an  increased  surface  of  contact 


I  of  I.'G  with  steklom.  This  was  attair^ed  by  filling  the  reaction  vessel  vdth  glass 

I 

f 

capillaries  or  spun  glass.  The  capillaries  (external  diameter  0.4-0. 5  m,  length 
'  3-4  nm)  were  completely  coated  vdth  liG,  whereupm  the  surface  of  contact  of  nitro 


estez's  with  glass  was  increased  by  3-10  times.  A  greater  increase  of  surface  v/as 


attained  by  the  applicaticm  of  spun  glass,  on  which  the  nitroglycerine  was  spread. 
The  experiments  were  conducted  at  100®  and  ««  0  •03  ,  i.e.,  such  conditions,  in 


which  an  anomalous  significant  increase  of  time  to  the  beginning  of  sharp  acceler¬ 


ation  of  gas  formation  was  not  observed,  and  variations  of  magnitude  of  the  induc¬ 


tion  period  were  insignificant, 

iis  can  be  seen  in  the  graph  (fig,  16),  the  increase  of  surface  by  <3-10  times 
did  not  change  the  general  form  of  cvarve  fm  ■Pfc)  ,  but  somewhat  increased  the  time 
to  the  beginning  of  the  fail  of  pressure.  Thus,  in  the  experiment,  where  equili¬ 
brium  pressure  of  water  vapors  constituted  398  ran  Hg  (cxirve  1),  the  time  of  achieve¬ 


ment  of  rainlnium  pressure  was  increased  by  20  minutes  as  ccwpared  with  the  usual 
experience  ( 13^20  *  curve  2).  The  same  increase  of  this  time  was  observed 

axso  at  smaller  (cf,  curves  3  and  4).  The  increase  of  the  surface  dia  not 
render  a  significant  influence  on  the  aubaaquMit  development  of  the  process  of 


disihtegration. 


^  These  experiments  v^re  conducted  by  student  A.  G.  Kaaakevich. 


Fig.  16.  Influtnet  of  cf  a  roaetloD  vosmI  with 

capillaries  on  the  deccoqpoeitioc  of  NG  in  the  pretence 

of  water  at  100*. 


1-  with  .filling^  i-ieM.  m  Hg; 

2-  without  filling,  MMMa  SB  Kgs 

3-  with  filling,  an  Hgj 

4-  without  filling,  -  •-•Bit  on  Hg 

a)  p  nti  Hg;  b)  T  minutes. 


!  A  strong  increase  of  the  induction  period  was  observed  iqxn  fining  the  reaction 
I  vessel  vdth  spun  glass,  increasing  the  surface  anproodmateljr  by  30  tiawis.  In  this 
case  at  p^Q  «  325  ma  Hg  the  duration  of  the  induction  period  fron  76  minutes  grew  I 

to  160  minutes  (fig.  17,  curve  2).  | 

I 

It  is  Interesting  to  note  that  the  sMie  retarding  action  is  rendered  by  spun  1 

glass,  vdiich  is  in  direct  contact  with  the  NG  In  this  case  at  a  pressure  of 

t 

I  water  vapor,  equal  to  330  m  Hg  (curve  3)  the  magnitude  of  the  induction  period 

\ 

I  was  approximately  the  sane,  as  in  the  case  of  disintegration  of  NG  distributed  on 
I  spur,  glass  (T  nin  was  156  and.  159  minutes,  correspondingly). 

!  I 

A  still  stranger  inxlasncs  of  the  surface  was  exhibited  idth  a  large  initial  j 

pressure  of  water  vapor.  Thus,  in  the  experiment  where  p^^Q  *  460  mm  Hg  (curve  4)» 

i 

the  duration  of  the  induction  period  conetltuted  900  minutee,  i.e.,  almost  by  15  ^ 

^  The  spun  glass  was  inside  the  diaphragm  manoneter,  the  MGr-an  the  bottom 
of  the  reaction  vessel. 


times  exceeded  the  usual  duratim. 


Pig.  17.  Influence  of  filling  of  reaction  vessel  vdth  spun 
glass  on  the  decocgsosition  of  IlG  in  the  presence  of  ifWiter 

at  100®. 

1-  vdthout  filling,  i  -=  0.0367,  p,  «  293  nm  Hgj  2-  vdth 

H2O 

filling,  S  -  0.0350,  p^^Q-=  325  ram  Hgj  3-  vdth  filling 
above  NG,  ^  z  0.03,  PH20"  filling, 

^  *=  0.0291,  Pj^  Q*  460  nira  Hg. 

a)  p  ram  Hg;  b)  'T  minutes. 

Such  a  character  of  decomposition  of  moist  NG  in  reaction  vessels  vdth  filling 
,_shows  that  the  magnitude  of  the  surface  of  glass,  possibly  due  to  its  weakly-alka¬ 
line  character,  can  render  an  essential  influence  on  the  disintegration  NG,  signif¬ 
icantly  increasing  the  time  to  the  beginning  of  sharp  acceleration  of  gas  formation, 
especially  with  large  quantities  of  water.  Probably,  this  is  partly  possible  to 
explain  by  those  variations  in  the  magnitude  of  the  induction  period,  which  were 
observed  in  the  disintegration  of  NG  in  the  presence  of  water. 

lafXuMiee  of  tefreo  of  Pilling  of  Veaeel  (  ^  )  on 
Ooeoapooition  of  iitroglyoeriae  in  the  Pretence  of  Hater 


An  increase  of  the  degree  of  filling  of  the  reaction  vessel  signifies  an  in¬ 
crease  of  pressure  of  the  products  of  deccoposltion  of  NO  at  one  aiKt  the  sane  degree 
I  of  its  disintegration  and,  consequently,  an  increase  of  the  contents  of  soluble  gas 
I  products  in  NG.  This  leads  to  earlier  achievement  of  critical  pressure  of  gas  pro- 

I 

f 

ducts,  after  which,  pressure  starts  to  grow  sharply. 

In  that  case,  vfiien  water  is  present,  an  increase  of  the  degree  of  filling  at 
a  given  initial  pressure  of  its  vapors,  in  addition,  signifies  a  decrease  of  the 
total  quantity  of  water  with  respect  to  NG  at  constant  initial  content  of  it  in 
liquid  phase. 


Fig,  11,  Influence  of  degree  of  filling  of  reaction  vessel  on 

deccanposition  of  NG  at  100®, 

1-  4  «=  0,0065,  PH20  *  136  nsn  Hg;  2-  ^  -=  0,0126,  %  q  “  90 
rrr.  Hg;  3-  ^  “  0,02%,  pj^^Q  «=  117  mm  Hgj  4-  /  »  0,0547, 

-  96  mm  l!g;  5-  ^  *  0,092?,  p^^^^  «  101  nm  Hg;  6-  i  0,li:; 

=  117  ram  Hg;  7-  ^  «  0,248,  pj^^Q  104  am  Hg, 

a)  Volume  of  gas  production  of  disintegration,  Vn  em3/g; 

b)  Time  X  minutes. 


Ihe  iiitlixtme  of  the  degree  of  filling  of  4  reectlon  vessel  mss  studied  4t 
100®  and  initial  pressure  of  water  vapor  100  nra  Hg,  idiereupcai  changed  in  a 
range  irco  0.0065  to  0,25  (fig*  13)#  For  the  possibility  of  cowparison  of  results 
of  the  experiments  at  different  4  an  the  graph  aloig  the  axis  of  ordinates  is 
the  volume  (taking  into  account  water)  of  gases,  emanating  dwing  decon^josition, 
referred  to  1  g  HG,  brought  to  normal  conditions.  Initial  and  v-iertain  other  data 
of  these  experiments  are  in  table  2, 

For  all  these  6  ,  the  form  of  curve  is  the  same  (see  fig.  lu):  period 

of  constant  of  pressure,  its  fall  and  subsequently  morr  or  less  fast  growth.  In¬ 
crease  of  S  leads  to  a  decrease  of  the  relative  quantity  of  water  and  corresp<XKiing- 
ly  to  a  reduction  of  the  magnitude  of  the  induction  period.  According  to  the  data, 
of  3,  B.  Gorbunov  at  the  most  possible  S  ,  the  induction  period  consitiutes  rsj  30 
nlnutes  Ct  min  at  «  0.857  -  43  minutes).  After  passage  by  pressure  of  the 
the  accelerated  development  of  the  process  proceeds  faster,  the  greater 

the  S  , 

Table  2 

Influence  of  degree  of  filling  of  reaction  vessel  on  decooqwsition 
of  HG  in  the  presence  of  water  at  100®, 
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e)T^,  minutes}  ^)'^'700*  “dnutss. 


Th«  above  refara  to  caesparativeljr  Xarga  degreae  of  filling  (0.006>0.2).  At 
;  i  (order  of  0.001)  a  aiipolflcant  part  of  the  Mster  (aore  than  95>%)  la  in  the 
I  gae  phase.  In  these  eondltions  we  did  not  observe  the  characteristic  picture  of 
!  decoB^eition  of  tlG  in  the  presence  of  water  (period  of  e«u»tanc3r  of  pressure,  fall 

I 

I  and  its  accelerated  growth)  in  a  range  of  initial  paressur<i»8  of  its  steam  from  10 
to  300  ma  Hg. 

The  data  from  these  experiments  are  given  in  table  3* 


Table  3 

Deccxnposition  of  NG  in  the  presence  of  water  at  100^  and  smtuLl  * 
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Conditional  designations: 


.  4V  \  initial  —  initi.al  speed  of  gas  formation  in  n  cmvg  min; 
(J^^\  '»>  speed  of  gas  formation  on  maximum  in  n  cnr/g  min; 

\  At  / 

T :  i^ax  —  time  of  achievement  of  maximum  speed  in  minutee. 

a)  gj  b)  py  Q,  ram  Hg;  c)  %  by  weight  H^O;  d)  (|L) 

e)(AI.)raax;  f)i  ,  minutes 
Af  max 


In  the  decocaposition  of  anhyux'ous  NG  at  100®  and  •  *  0.0012,  pressure  at  first 
quickly  grows,  and  then,  after  the  speed  attained  maximum,  changes  on  a  curve  of 
the  saturating  type  (fig.  19,  curve  1).  Such  a  dependence  of  change  of  pressure 
on  time  was  observed  in  deconqjosition  of  MG  in  the  presence  of  small  quantities  of 


1 


However,  as  can  be  seen  from 


water  (Pi^  q  *  ™  0*3^1, jS  by  weight), 

fig,  20,  the  iaagni*ude  of  naxinium  speed  of  gas  formation  and  time  of  its  achieve- 
.'a--5nt  are  excellent,  .’/atei  in  a  quantity  of  0,2^:^  by  weight  (p  »  11  mm  Kg)  in- 

M2U 

creasec  maxLnmn  speed  as  cojqsared  to  anh./dr'^us  nitro  esters  by  more  than  3.5  times, 

and  in  a  quai.-^ity  of  1,12^^  by  weight  (p  =  40  mm  Hg)  decreases  it  by  apprcodroately 

H2O 

three  times  (cf.  fij,  20,  curves  1,  2,  3), 


Fig.  19.  Change  of  preascuo  in  -ocomporatioii  ox  NG  in  the 
presence  of  water  at  100®  and  small  I  , 

Numbers  by  curves —  ordinal  number  of  curve,  equilibrium 
pressure  of  water  vapor  and  I  *10^  (in  parentheses). 

a/  p  mm  Hg;  b)t  minutes. 

In  the  first  case,  maximum  speed  of  gas  formation  almost  by  40  times  exceeds  the 
initial  speed,  while  in  the  second  -by  5  times. 

An  increase  of  the  quantity  of  water  to  by  weight  (Ppj^O  "  changes 

the  form  of  curve P'=-^  CO;  in  the  beginning,  pressure  for  certain  time  is  insignif¬ 
icantly  lowered,  after  vdiich  it  increases  at  first  with  slight  acceleration,  and 
then  by  a  saturating  iurve  (see  fig.  19,  curve  4),  In  fig,  20  (curve  4)  it  is  clear 
that  the  maximum  speed  of  gas  formation  by  40$b  exceeds  the  initial  speed  and  is 
almost  by  times  les^  than  the  maximum  disintegration  rate  of  anhydrous  NG.  It 
is  characteristic  that  in  this  case  during  the  entire  experijaent  a  brown  color  was 
not  observed  in  the  gas  phase.  In  the  preceding  experiments  the  gas  phase,  in  the 


df^r 


bcginninc  i*  eolcrltat,  gradual}^  turaad  brown  (liO^)#  wd  «fUr  anhlaya— nt 
of  war1,w  spMd  of  fM  fcamtion,  tte  eolcr  dis^ppaarod. 

(  Fron  thia  aarlaa  of  aaqpariatotf  it  la  elaar  that  tbara  aodata  tha  aoat  affaetlTa 
quantitj  of  Mtar,  cauaing  earllar  and  atrongar  aeealaratlon  of  gaa  fonatloni  ultb 
a  graater  contant  of  it,  the  dallying  influence  ahould  be  aamtianod,  and  a  aaffl- 
'  ciantly  large  quantity  of  H^O  delagre  dialntagration  so  oodi  that  tha  area  eharaetar 
of  dependence  changes. 


Fig.  20*  Change  of  spaed  of  gas  foraation  in  daegaposltlon  of  HQ 
in  Che  presence  of  eater  at  100*  and  wall  • 

Numbers  by  curves~ordinal  number  of  curve,  e^iilibrlw  preaaure 
of  eater  vapor  and  4  (in  parentheses). 

'  a)  °peed  of  gas  foncation  ||  a  ca^/g  *  ainp  b)  nasT  oinutes. 

I  Influence,  of  i^reliadnfry  dd«tisg  of  Utroglycsrine  on  its 

^  5triS80^.®nt  fisipoMipodition  in  t&J  Resence  of  Hater 

i  It  was  ,  .  ible  to  asMSite  thal^iietoi^tiott  of',  acid  in  a  detoralasd  ecaoentra^ 

-  -  •,  r  >  • 

'  tion  leads  to  f^t,  probably  hydrolytic,  develcp^nt  of  a  reaction,  which  is 

-•vy  J 

developed  in  the  foTin  of  a  fall  of  c&'eoeure,  £1  i^e  d^eecopoaiticn  of  anhydrous  NCf 

\ 

on  the  initial  stages  ei^i  be  foraed  adid  products,  but  hydro'^ysic  doM  2>ot  coeor 
due  to  the  shortage  of  eatbr.  If  .however  to  such,  preliminarily  decnapneid  NS, 
one  adds  eater,  then  there  shoitli  inoedietely  stsu’t  ^  tM*  hydrolytic  reaetion, 
since  both  conditions  ears  fu^iUcJ,  noceceery  fis  'its  fast  floe-  the  presence  of 

Hf 


acid,  rcan^  by  therraal  disintegraticxi,  and  water.  If  this  idea  was  correct,  then, 

upon  adding  water  to  partially  decoo^waed  anhydrous  NG,  it  was  possible  to  expect 

an  ismediate  fall  of  pressure  and  subsequent  accelerated  gas  formation. 

Anhydrous  HG  at  first  was  heated  at  80®  980  minutes  i,e.,  for  a  duration  of 

time  ccaresponding  to  the  duration  of  the  induction  period,  observed  in  the  presence 

of  water.  Then  in  the  reaction  vessel  water  was  introduced  (Pi,  ^  sa:  130  mm  Hg  ), 

h2U 

and  NG  was  again  heated  at  that  same  temperature. 

Data  of  this  and  analogous  experiments  are  shown  in  table  4, 

Table  4 

Influence  of  preliminary  heating  on  deccjinposition  of  nitro¬ 
glycerine  in  the  presence  of  water  at  SO  and  100®, 
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X  -  Time  of  preliminary  heating  of  NG, 

* 

Heating  was  conducted  in  the  presence  of  a  small 
('VP  4  nia  Hg)  quantity  of  water. 

a)  ^G,  grams;  b)Tffiin;  c)  imn  Hg;  d)  %  by  weight. 

occurred/ 

3o  that  there/  a  fall  of  pressure  and  further  development  of  the  reaction, 

850  minutes  was  deaanded  (fig,  21,  curve  2),  while  for  preliminary  not  decranposed 
nitre  esters  -  750  minutes  (curve  1), 


-) 


'fmfut 


Fig.  21.  Influence  of  preliminary  heating  of  NG  on  its 
decoaqx>8i>tlon  in  the  pretence  of  water  at  30^. 

1-  without  preliminary  heating^  ^Q*188mHg,«  « 

0.0354}  2-  heating  at  80«  980  minutes^  Pu  n  " 

^  *  C.033B;  >-  heating  at  80*  960  minutee  in  the  pre¬ 
sence  of  water  (p^  ^  nsn  Hg),  p^^^  •  200, laa  Hg, 

<Sa  0.0339. 

a)  p,  Bsa  Hg}  .  b)  Tine,  minutee. 


Thus,  preliminary  decac^oeiticai  of  anhydrous  NC  did  not  render  an  eeeential 
influence  on  the  rates  of  development  of  the  reaction  in  the  pretence  of  water. 

This  indicates  that  either  in  anhydroue  disintegration  the  formation  of  producte, 
stimulating  hydrolysis,  proceeds  much  more  slcerly  than  In  the  presence  of  water,  or 
that  in  it  will  be  fonwd  other  products,  or  both  factors  play  a  role.  In  order  to 
explain  this,  e:}qperiinents  were  conducted  with  longer  preliminary  heating  of  aahyd- 
rous  NG,  and  also  experiments  with  portion  introduction  of  water.  Anhydrctts  KG 
was  heated  at  100°  for  the  duration  of  180  minutes.  Upon  continuation  of  the  ex¬ 
periment  with  added  water,  Tndn  was  reduced  by  20  minutes,  i.e.,  approocimately  by 
30‘y^.  Thus,  the  acid  products  stimulatingly  hydrolysis,  will  also  be  formed  in  the 
decoD^osition  of  anhydrous/ significantly  slower  than  in  the  pretence  of  water. 

In  another  series  of  experiments,  preliminary  heating  was  cor^ucted  in  the  pre¬ 
sence  of  minute  (equilibrium  preeeure  ai^cximately  4  nm  Hg)  quantities  of  nmter. 


.  'r,. 


>/ith  the  subse^ent  introduction  of  oJirge  quantities  Ox  the  latter,  wiaS**©  iianed= 
iateljr  began  a  fall  of  pressure;  after  2Q0  minutes  it  stopped,  and  fast  acceleration 
of  gas  formation  was  developed  (fig.  21,  curw^).  This  indicates  that  sufficiently 
very  small  quantities  of  seated  products  formed  in  the  decomposition  of  NG  in  the 
presence  of  water,  in  order  to  initiate  a  reaction  of  combining  water  and  the  sub¬ 
sequent  sharp  acceleration  of  decanposition  of  nitro  esters.  Thus  preliminary 
heating  in  the  presence  of  water  especially  with  portion  introduction,  much 

stronger  stimlates  decomposition  of  NG,  than  "waterless"  heating. 


Change  of  Acid  Content  in  a  Beaction  Vessel  in  the  Decomposition 
of  Utroglycerine  in  the  Presence  of  Water  ^ 

If  in  the  presence  of  ■S'miter  there  occurs  hydrolytic  decomposition  of  IIG,  then 
acid  must  be  fomed.  These  acias  can  render  catalytical  action  on  the  process. 
Therefore  it  was  expedient  to  determine  the  change  of  acidity  in  the  course  of 
decenposition  and  the  acid,  by  vMch  it  was  stipulated, 

The  most  probable  is  formation  of  nitric  and  nitrous  acids  in  the  decomposition 
of  UG  in  the  presence  of  imter.  Nitric  acid  can  be  formed  first,  in  hj’-drolysis  of 
NG  in  the  usual  way,  and,  secondly,  as  a  result  of  the  interaction  of  nitrogen 
peroxide  with  water  formed  during  thermal  disintegration  of  NG.  In  the  last  case 
nitrous  acid  will  be  formed  also,  /mother  source  of  nitrous  acid  can  be  the  hyd¬ 
rolytic  reaction  of  nitro  esters,  analogous  to  the  reaction  of  ^co,  observed  by 
Baker  ClJ  ^  alkaline  hydrolysis  of  certain  alkylaononitrates,  in  which  there 

will  be  formed  a  carbonyl  compound  and  ion  NO^  .  Nitrous  acid  can  be  formed  also 
in  the  reduction  of  nitric  acid. 

In  order  to  establish  vdiich  reaction  predominates  on  the  initial  (up  to  p^^^) 
stage  of  decomposition,  experiments  were  conducted  on  detection  and  quantitative 
determination  of  ions  NO^  and  NO  -  , 


^  This  series  of  experLments  was  conducted  by  student  N,  V.  Gul'tsev, 


For  doton&inatl<»  ion  NC^  in  products  of  decoopositlon,  was  docoe^>ot«d  in  the 

presence  of  water  at  100®  4  ■»  0,08993,  p„  -  *  105  m.  Hg,  p_.  •  34  a»  Hg  after 

n20  flon 

50  minutes  in  a  reaction  vessel,  fastened  to  a  diaphragm  lasncneter  tivrou^  a  tube 
with  a  thin  intake,  Upcn  achievement  of  p  .  the  diaphragm  device  was  reauved  from 
the  thermostat,  the  reactiim  vessel  was  cooled  by  liquid  nitrogen  in  order  to  pre« 
serve  in  it  all  gases  condensed  at  the  boiling  point  of  liquid  nitrogen  after 
which  the  intake  was  resealed.  An  asq>oule  with  NO  and  with  the  coiKlensed  products 
of  decomposition  was  uncovered  cmder  a  soluticn  of  0,1  n,  alkali,  and  the  tdiole 
volume  of  the  ai!q;>oule  was  filled  with  this  solution,  which  indicated  the  dissolution 
in  it  of  all  gas  products.  The  solution  was  quickly  separated  fiKm  the  KG,  It 
bleached  potassiiun  permanganate  in  an  acid  medium,  yielded  a  weakly  colored  brown 
ring  with  ferrous  sulfate  in  the  presence  of  diluted  sulphuric  acid  and  separated 
iodine  from  a  solution  of  potassium  iodine  in  an  acid  medium,  Nitro  esters  of  such 
reactions  were  not  yielded.  This  served  as  proof  of  the  presence  of  ions  NO^  in 
the  obtained  alkaline  solution;  Judging  by  the  small  intensity  of  ths  shown  reactions, 
it  may  be  concluded,  that  the  quantity  of  NO^  -ions  was  small. 

The  presence  of  nitric  acid  was  Judged  by  the  formation  of  a  deposit  which 
appears  in  pouring  a  nitron  reagept  into  the  investigated  solution  acidified  by 
sulfhuric  acid  (10^  solution  of  dihydro-diphenyl-pherjylimino-triaeol  in  5%  acetic 
acid)  and  nitrous  acid  before  determination  was  decooq>osed  by  a  solid  hydra¬ 

zine  sulfate. 

The  relationship  between  nitric  and  nitrous  acid  was  determined  both  in  gas 
products  of  decomposition  and  also  in  products  of  decomposition,  dissolved  in  an 
aqueous  alkali  solution.  In  both  cases  the  sample  for  analysis  was  retwjved  in  the 
moment  corresponding  to  ndtich  is  a  sharp  boundary  between  two  macroscopic 

stages  of  ti.u  process  of  decompoaitiem  of  moist  NG,  In  the  first  case  the  gas 

It  turned  out  that  all.  gas  formed  on  this  stage  of  disintegration  are 
completely  condensed  at  the  teiaperature  of  boiling  of  liqpid  nitrogen. 


products  of  dscoaq^ositlon  of  nitroglycsrine  wars  collected  in  a  U-tube  cooled  by 
liquid  nitrogen  ",  idiich  then  was  uncovered  under  a  determined  (15  or  25  ml)  quan¬ 
tity  of  0*1  n  solution  of  NaCXi.  The  solution  obtained  in  this  raanner  was  analysed 
on  nitric  and  nitrous  acid.  In  the  second  case,  the  gas  products  gathered  in  the 
reaction  vessel  upon  its  cooling  vdth  liquid  nitrogen.  This  vessel  then  was  un¬ 
sealed  from  the  diajdiragrri  laancsaeter  and  uncovered  under  a  deterndned  quantity  of 
0,1  n  solution  of  NaOH;  then  division  of  NO  was  accanplished.  Further  operations 
mre  the  sarae  in  both  cases. 

Analysis  was  conducted  with  the  help  of  a  reagent  of  nitron  by  the  method  des¬ 
cribed  by  Busch  By  this  method,  in  a  separate  test  the  nitrite  was  coddiaed 

by  hydrogen  peroxide  to  a  nitrate  which  Jointly  with  the  nitrate  already  existing 
in  the  solution  was  precipitated  in  the  form  of  a  nitrate-nitronj  in  another  sep¬ 
arata  test  the  nitrite  was  destroyod  by  iiydrazine  sulfate,  and  the  remaining  nit¬ 
rate  was  precipitated  by  the  nitron. 

The  following  example  is  typical  for  the  determination  of  the  relationship  of 
nitric  and  nitrous  acids,  formed  at  the  moment  of  passage  of  pressure  through  min¬ 
imum,  Nitroglycerine  in  a  quantity  of  3.4%  g  was  decomposed  in  a  reaction  vessel 

3 

with  a  diaphragm  manometer  23.0  cm  in  volume  in  the  presence  of  water  vapors 
(p..  *=  34?  mm  Hg),  After  55  minutes  at  p  .  7o  ram  Hg  all  gas  products  were 

lUXl* 

transferred  to  the  lower  part  of  the  reaction  vessel,  cooled  by  liquid  nitrogen, 
after  which  the  vessel  was  unsealed  from  the  diaphragm  mancmeter  and  was  uncovered 
vinder  25  ml  of  a  0.1  n  solution  of  IlaCai,  5  ml  was  removed  from  the  solution  obtain¬ 
ed  in  this  manner  In  such  a  -./ay  as  not  to  seize  the  undecomposed  NG.  After  acidifi- 

3 

cation  by  sulphuric  acid  into  it  was  poured  2  cm  of  3;'  solution  of  hydrogen  peroxide, 

3 

The  solution  was  heated  to  70°;  though  a  pipette,  2  era  of  a  of  H^SO  was  intro¬ 
duced  into  it  and  heated  to  ^0".  Into  the  solution  prepared  in  this  manner,  1.2  enr^ 


Hsthodologj'  of  sampling  of  gas  products  is  described  below. 


**»  -4. 


^  of  the  reegent  nitron  «dd^.  The  solution  with  falling  deposit  was  cooled  hy 

\ 

I  ice  water,  the  deposit  was  filtered  and  washed  on  a  filter  with  a  aunall  <;piastity 

^  of  ice  water.  The  vrei^t  of  the  obtained  deposit  was  0,0605  g, 

; 

9a4iB 

1.45^  b;-  weight  with  respect  to  (IG. 

The  second  5  nil  of  the  solution,  neutraliied  by  2n  sulfuric  acid,  was  evaporated 
to  1  ml  and  was  added  by  drops  to  0.05  g  dry  hydrasine  sulfate,  after  >diich  the 
nitrate  existing  in  the  test  was  precipitated  as  it  was  described  above.  The  weight 
of  the  obtained  precipitate  was  0,053  g, 

^linNUai  |,4il2  55  1.39^  by  weight  with  respect  to  NO. 

Initial  data  and  remilts  of  this  experiment  and  three  others  are  given  in  table  5. 

Table  5 

Determination  of  nitric  and  nitrous  acid  in  the  decompositio: 
of  nitroglycerine  at  100®  in  a  mcment  ccuresponding  to  p^^„. 


a)  "Vg,  grams j  b)  mm  Hgj  c)f minutes;  d)  %  by  wei^^t  with  respect 

to  NG. 


Ill  the  first  two  eaqperiments,  nitric  and  nitrous  acid  were  determined  by  the 
l^ove-de scribed  methodology.  In  the  last  two,  the  gas  products  of  disintegration 
^  first  were  collected  in  a  U-tube,  and  then  were  analysed. 

In  spite  of  the  comparatively  simll  accuracy  of  determination  (since  in  the 


i9q)«riiBMit8  a  •nail  quantity  of  NC  ias  uaad,  the  solubility  of  products  of  dlsln- 

tHi^tlcn  In  nitro  esters  in  determination  by  the  first  method  was  not  considered 

ax»d  complete  extraction  of  gas  products  during  the  analytic  work  by  the  second  inet~ 

hod  was  not  guaranteed,  it  is  plainly  evident  that  the  quantity  of  nitrous  acid 

constitutes  an  insignificant  part  of  total  acidity  (not  more  than  k%)* 

Thus,  the  main  product  of  acid  character,  formed  at  the  moment  corresponding  to 

^min'  nitric  acid.  Its  formation  can  be  naturally  explained  by  hydrolysis  of  IIG 

of  the  normal  type,  as  a  result  of  which  will  be  formed  ions  H(>  and  a  hydroxyl 

group  for  an  atom  of  carbon.  This  is  in  accordance  vdth  the  data  of  Farmer 

%dio  detected,  in  hydrolysis  of  NG  with  diluted  nitric  acid,  glycerine  dinitrate. 

The  detected  small  quantities  of  nitrous  acid,  as  it  was  shown  above,  can  be  formed, 

first,  in  decomposition  axxl  reduction  of  the  yielding  nitric  acid,  and,  secondly, 

in  the  dissolution  of  nitrogen  peroxide  in  water,  split  from  NG  as  a  result  of 

thermal  disintegration  and  finally,  due  to  the  passage  of  a  hydrolytic  reaction 

of  the  type  ^co»  yielding  ion  NO-  and  a  carbonyl  compound.  However,  if  all  these 

reactions  occur,  then  it  will  be  in  a  very  small  degree. 

The  predominant  presence  of  nitric  acid  in  the  reaction  vessel  on  the  stage  of 

disintegration  of  NG  up  to  p  allowed  later  to  determine  the  quantity  of  acid  by 

nan 

titrating  vdth  alkali  a  solution  obtained  by  processing  the  gas  products  of  dis- 

i 

integration  by  water,  taking  all  the  acid  formed  to  be  nitric.  For  that,  decompos¬ 
ition  of  IIG  in  the  presence  of  vnler  v/as  conducted  in  a  reaction  vessel  joined  to 
a  diaphragra  manometer  through  a  tube  vdth  intake.  In  a  deteriained  stage  of  de¬ 
composition  the  diaphragm  device  v^as  removed  from  the  thermostat;  after  the  gas 

products  by  cooling  vdth  liquid  nitrogen  were  transferred  to  the  lov^er  part  of  the 


1  A 


ccording  to  the  data  of  K,  V.  Gul'tsev  in  the  decomposition  of  anhydrous 


IIG  at  100®  towards  minutes  in  the  reaction  vessel  vras  founu  by  titrating  0.131- 
(in  recount  on  HNO^  acid,  or*^0,04yfe  to  the  moment  of  time,  corresponding  to 
This  is  in  satisfactory  agreement  with  the  data  on  the  analysis  of  nitrous  acio^ 
formed  during  decomposition  of  NG  in  the  presence  of  vAter  (see  table  5). 


I  rMctlon  v«M«l  ,  the  intake  was  resealed*  An  eopoule  with  NG  and  product  a 

I  1 

deconpoaltion  was  uncovered  under  water  •  ISie  solution  obtained  was  titrated 
j  by  a  0.01  n  solution  of  HaOH  (indicator-phsnolphtalein).  In  the  calculation  it 
I  was  assumed  that  all  acidity  is  conditioned  by  nitric  acid. 

I  Determination  of  acidity  was  conducted  in  two  stages  of  deccaposition  of  NG 
in  the  presence  of  different  quantities  of  water  at  100*  and  I  »  0.03-^,0^; 
in  the  beginning  of  the  fall  of  pressure  (in  tho  end  of  the  induction  period)  and 

Pndn*  results  of  these  experiments  are  in  tables  6,  7  and  6, 


For  removal  of  carbon  dicodde,  the  water  was  preliminarily  boiled. 


6 

Adddty  in  th«  imd  of  th«  induction  pirlod  of  d«coiapoiition  of  nitro- 
glyc«rin«  in  th«  prsatnc*  of  diffoximt  quantities  of  water  at  100* 


^*Hru 

* 

IIO* 

MM 

P?.  CT. 

H,0 

MM 

pT.CT. 

*X 

MNI.. 

sec.  HNO, 
BO  OTHOttiemio 
K  HfU 

hhno, 

^1,0^ 

0.32SS 

315 

71 

0.18 

67 

37 

0,ii 

42 

0,2716 

319 

88 

0,22 

78 

55 

0,17 

35 

0,3314 

318 

195 

0,48 

182 

60 

0,28 

24 

0,3666 

324 

222 

0,54 

214 

43 

0,22 

23 

0,2060 

311 

236 

0,60 

223 

130 

0.60 

19,5 

0,3041 

313 

267 

0,64 

254 

90 

0,48 

20 

0,3864 

382 

294 

0,66 

286 

41,5 

0,21 

17,2 

0,3276 

3i4 

363 

0,91 

360 

48 

0.20 

11,5 

0,316^ 

282 

406 

1,09 

389,5 

62 

0,22 

8.7 

0,3091 

333 

406 

0.96 

387 

61 

0,22 

8.9 

r  -Time  in  mini  i  nn  of  achievement  of  pressure  p,  with  which  acidity  was 
determined. 

(a)®iNG,  grains;  (b)  nsa  Hgj  (c)  %  by  wei^t}(d)  Minutes;  (e)  %  by  weif^t- 
with  respect  to  NG. 

Table  7 

Acidity  in  a  mcment,  corresponding  to  p^oin*  ^  decomposition  of  nitro¬ 
glycerine  in  the  presence  of  different  quantities  of  water  at  100® 


^*Hru 

< 

»10< 

il) 

Pufi 

MM  pr.  CT. 

0 

aec. 

1  H*0 

i 

Pmin 

MM  pT.  CT. 

MKH. 

^  »ec.  HNOj 

no  OTMOUieHMK) 

[  K  Hrn 

1 

0,3259 

375 

1 

1 

52,  1 

0,11 

29 

64 

0.58 

0,3664 

404 

146 

0,31 

49 

60 

1,41 

0,3215 

333 

172 

0,41 

57 

58 

1,62 

0,2837 

330 

222,5 

0.54 

62 

72 

2.21 

0,3153 

346 

262,5 

0,62 

83 

121 

2,32 

0,3110 

370 

316 

0,72 

82  5 

78 

2,74 

0,4055 

396 

375 

0,82 

90 

69 

2,93 

0,3346 

364 

375 

0.86 

89 

87 

2.94 

0.2896 

279 

396 

1 

1,07 

101,5 

106 

4,37 

0.3070 

510 

1,23 

136 

103 

4,74 

0,3688 

496 

520 

1,02 

116 

84 

3,70 

(a)  grams;  (b)  am  Hg;  (c)  %  by  weight;  (d)  minutes;  (e)  %  by  weight- 
with  respect  to  NG, 
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tepnidinM  on  I  of  aeldltx  is  •  oogyoopMiding  to  ||iin» 

Is  tbo  dooaiB|MitiflD  of  sitiiogiljotxtM  is  tho  proMsoo  of  «n 
spftoflrtwatoly  ecatUist  of  itttor  st  XOOt 


etru 

• 

l-lt* 

fULO 

^  ft.  CT. 

vM 

NMcj 

n 

Pmtm 

^  pt.  Ct. 

. -  . 

a  eec.  HHO» 

o.oiao 

t2;2 

m 

!.« 

i.e 

161.5 

m 

5.91 

0.173S 

991 

m 

1.41 

6.34 

16 

166 

2,69 

9,709 

289 

226 

2.34 

6.16 

79 

72 

2.fr 

9.31» 

m 

913 

1.95 

6.12 

63 

121 

2.39 

\,9m 

m 

981 

4.52 

6.45 

12 

35 

1.96 

2.0m 

1714 

9S2 

6.46 

6.31 

S3 

S3 

Idl 

U)  gnoM;  (b)  m  Hg;  (e)  ag|  (d)  %  by  mdifixti  (•)  slsiitM;  (f) 

%  by  -  with  roopoet  to  IQ. 

Fran  a  conpariaaii  of  tabloa  6,  7  asd  8  it  it  eittr  that  tht  fall  of  proMurt 
it  aceonptaiod  by  a  tharp  iaertatt  of  acidity*  Acidity  in  tltt  beginning  of  tht 
fall  of  prtttnrt  little  dtptnda  on  the  initial  quantity  of  vattr  in  tb»  rtactioi 
Ttaatl  and  oenstitutta  «0.2$.  Only  in  thott  txptrlMnta^  id^rt  the  isduoticn 
period  it  sort  than  utual>  this  oagnitodt  it  tontMhat  incrttttd.  Tht  qpiastity 
of  acid,  dtttmdntd  in  a  acamit,  corrtt ponding  to  dtptndt  on  tht  intlal 

quantity  of  utter  in  the  reaction  TttttI}  the  lait(tr  it  it,  tht  biggtr  tht  contenta 
of  acid. 

At  it  nat  thcem  aberrt,  an  iaertatt  of  I  at  oonatant  Initial  prttturt  of 
water  irapors  tignifltt  a  dtertatt  of  tht  qqantity  of  HjjO  in  tht  rtaction  wttatl. 
Detezidnation  of  acidity  in  aonint  at  mriont  i  tad  »  S90  ->  290  pm 
Kg  thontd  that  an  isortatt  of  i  alto  dtcrtattt  tht  qaantity  of  fowad  add  (att 
table  8).  In  fig.  22  art  tht  rtttdtt  of  txptriatntt  in  dattmiaiag  acidity  in  a 
mootnt,  corretpooding  to  ihdn#  ^  dteaugsotition  of  MO  in  Uit  fmsanot  of 
dif ftrent  quantitita  of  wattr  and  at  difftrant  i  .  Tht  dtpsndMiCt  of  tht  thtngo 
of  eontwita  of  acid  on  tht  quantity  of  mtar  it  dtplottd  by  a  atiaight  lint  with 
tangent  of  the  angle  of  inclinaticsn,  approadaattly  tipal  to  3*^^  ehidi  ir  sear 


J/f 


3. 5*  EquiiioleculAr 


th«  nttlo  of  £ioXtettX»r  sealt*  of  nitric  acid  and  vatar 


MhW03 


ratio  of  aatar,  txiating  in  t)»a  baginning,  and  nitric  acid,  foraad  at  a  aoMant, 
coxraapondlng  to  and  »l»o  tha  abaanca  of  any  othar  acids  In  significant 
quantltias,  provides  ancugb  wai^tT'  proof  that  in  the  dacoKposition  of  US  in  tha 
prasanc^  of  eater  there  occurs  hjrdrolysis  of  the  usual  type  with  tha  fomtion  of 
nitric  acid. 


If  one  ware  to  allow  that  as  a  result  of  tha  interaction  with  water,  one 


nitmta  group  in  US  is  converted  into  alcohol  with  tha  foination  of  nitric  acid  and 

gljrearina  dinitrata^,  than  it  turns  out  that  in  tha  presence  of  2%  water  (PK2O  » 

UOO  m  Hg)  at  0.03>  3*5^  bjr  wai^t  nitric  acid  will  b.,  fcriaad.  Ihis  seans  that 

at  tha  ffloawnt,  corraspooding  to  p.  ,  aj^roodiaataly  13^  b7  wai|^t/tha  initial 

min 

quantity  of  US  was  daeompoaad.  Daconjoaition  of  such  a  quantity  of  nitro  asters 


occurs  in  a  vary  short  range  of  tine:  the  tina  of  tha  fall  of  pressure  censitiutas 


at  100”  and  <  s 


I 

41 


/ 


0,03.  35-45  ffiinutaa. 

o 


!!i/ 


T 


— '  ^*11***  HjO  i 

%  5t>'  4t0  ^atn»tu»muf  «  urn 

idg,  22.  A  do  a/  in  \  aonont  corrat~ 


ponding  to  .^2011  zm  dacoaipoaitian 
of  NO  ir.  the  pr^janca  of  different 
tnitisl  quant  ioiaa  of  water  at  100”. 

(a)  Quanlticiy'  of  HN0j|  in  ^  by  wai^t  in 
rafarancd  to  NO;  (b)  Initial  contjuta 
of  HnO  in  by  wallet  in  rtfaranca  to  NS. 


Ihia  fall,  occurring  at  firat  with 


Fig.  23.  Daconpoaition  of  NS  in  tha 
praaanca  of  nitric  acid  and  glycerine 
dlnitrata  at  100”. 

1)  NS  +  8.6jf  by  weight  DUS  +  4.9^  by 
waif^t  HIO3,  X  0.0448; 

2)  NO  +  1.04$  by  weight  H2O,  %  »  0.0.305. 
a)  p  mm  Hg;  b)  time,  ndnutes 


sa^ll,  but  increasing  spaed,  after  ita  passage  through  tha  laaxifflUM,  is  alowad 


down;  than,  tha  greater  tha  initial  prasaura  of  water  vapors,  tha  greater  tha 


'  Sdsultanaously  with  this  reaction  hydrolysis  of  tha  formed  dlnitrata  glycerine 
can  occur;  however  due  to  its  smalxar  conesatrstion  as  eoaparad  with  tha  concen¬ 
tration  of  NS,  tha  firat  raactiom,  probably  is  pradocinant. 


»  tpMd  of  flftll  of  proaonro* 

lh»  tUMt  InoToftM  of  tpMd  of  i)ill  of  ppoiguf  la^ioAtM  aa  iatoeataljrtie 
IproooMs  tho  nitrle  acid  bains  yialdM  aiMds  up  tha  raaeticn  of  tha  intamotion 
of  US  ind  aatar.  |]r  aaaaura  of  anpanding  tha  watar,  tha  IhJLl  of  praaaara  ia 
dalaTod.  Poaaibljr,  tha  autoeataljtie  raaotion  oeeora  alao  for  tha  doration  of  tha 
indactioR  pariod.  Hcwavar,  for  proof  of  thla  it  ia  naoaaaaz7  to  atadjr  tha  IdMtiea 
of  the  dunga  of  acidity  in  thia  aaetion  of  daeoaqpoaition. 

Mitrie  acid,  foraad  aa  a  raaolt  of  tha  autooatalytie  raaetion  of  hgrdroiysis 
of  RC  and  nater,  apparantly,  caoaaa  fUrthar  dair^opMnt  of  tho  prooaaa  of  tima 
foraation,  datalopad  in  accaXaratad  gaa  formticn* 

If  thia  eoncluaiac  ia  corraet,  than  after  addition  to  W>  of  gljoarina  dlaitrata 
and  nitric  acid,  aeoalaratad  growth  of  praaanra  auat  ianadiataly  atari,  analogooa 
to  that  which  ia  obaarvad  after  tha  paaaaga  of  praaaura  through  tha  winlawn  in  tha 
dacompoaition  of  NG  in  tha  praaanca  of  water.  Indeed,  RG  (  ^  ■*  Q.QM3)  in  tha 
preaence  of  (above  iOO)  4*9^  by  weight  nitric  acid  and  8»6%  by  weight  aywnatrlc 
glycerine  dinitrate  inradiataly  atarta  to  be  rapidly  daconpoead  (fig*  23»  ewrve  1). 

In  thia  figure  for  conipariaon  ia  depicted  a  curve  2  of  the  change  of  preeaure 
in  tint  in  the  deeoRpoaition  of  NGf  in  the  pretence  of  by  wei|^t  water*  In 
thia  caaa  during  hydrolysis  of  RG  3.5^  by  wei^t  nitric  acid  and  weight 

glycerine  dinitrate  ehould  be  foraed.  To  nore  graphically  conpare  both  esqjerio 
sMsits,  after  the  beginning  of  reading  of  tine  a  nanent  waa  aelected,  eorreaponding 
bo 

The  Role  of  Yolatile  And  Ronvolatile  producta 
In  the  decompoeition  of  RG  in  the  pretence  of  noderate  quantitiea  of  water, 
after  the  induction  perloid  and  the  fall  of  preeaure  fcUowiag  it,  oeeura  a  nore 
or  leaa  accelerated  gaa  fomation.  The  fall  of  preeaure  ia  aecoaqanied  by  a 
•i^iificant  increaae  of  the  oontenta  of  volatile  acid  in  the  reaction  veaeal, 
forsied  ae  a  result  of  the  interaction  of  RG  with  water.  It  turned  oat  that 
this  basically  i*  nitric  acM'.  Foaaibly,  it  alao  i*  a  oanee  of  anbeagwinb 


deconpoAition,  AceociptaiAd  hj  strong  gas  formation.  Probably, 
siaultansously  tha  saparmtlon  of  acid  nonvolatils  products  of  raactlons  idll 
also  bs  formsd,  contaiiUng  group  (in  particular,  glycarine  dinitrats).  idiidi 
can  participats  in  the  future  derslopssnt  of  the  prooess.  In  order  to  explain 
id«t  role  Is  played  by  the  gas  and  condensed  products  in  the  decoapositicn  of 
moist  NGr  after  passage  of  pressure  throu^  the  minimum,  the  following  experiments 
sere  set  up.^ 

First,  from  NG  decomposing  in  the  presence  of  meter,  in  e  moment,  corresponding 
to  Pj^$  the  volatile  producte  sere  evacuated,  after  idileh  it  see  heated  again. 

Secondly,  the  NG,  from  shlch  tha  volatile  products  of  dssintegration  formsd 
at  the  moment  corresponding  to  after  preliminary  decomposition  sere  removed, 

and  sere  decompoeed  again  in  the  preeence  of  the  IntroducCed  sater  vapors. 

Third,  anhydrous  NG  sas  decomposed  in  the  presence  of  volatile  products  of 
disintegretion. 

For  the  execution  of  these  experiments  NG  at  first  sas  decomposed  in  the 
preeence  of  sater  in  a  reaction  vessel,  united  throu^a  tvbm  (siUi  an  intake  for 
facilitating  tuiseallng)  sith  a  vacuum  cock  of  special  dsslgn  (fig.  24).  Ibe 
cock  sas  smeared  sith  a  theraoresistant  l(se>reactive  lubricant,  prepared  from 
perfluorinated  hydrocarbons;  for  the  best  herrastic  sealing  the  top  of  the 
stopper  of  the  cock  sas  flooded  by  mercury  (mercury  sealing).  Due  to  this,  the 
instrument  could  be  submerged  into  a  thermoetat  liquid  in  such  a  manner,  that  the 
entire  reaction  container  sas  at  the  temperature  of  the  experlnint.  Duriiig  the 
experiment  the  cock  sas  closed.  In  that  moment,  idien  it  sas  necessary  to  pump 
the  gases,  the  instrumnit  sas  removed  from  the  thermostat  snd  joined  to  a 
vacuum  installation.  For  fasterand  more  complete  removal  of  gases,  NG  periodically 

1  These  experiments  sere  conductwi  by  N.  V.  Oul^tsev,  a  student. 

^  The  same  cock  sas  used  in  the  Introductione  of  leads  to  decomposing  NG  and  in 
pumping  the  volatile  products  of  decomposition  from  it  (see  p.  213). 


si  ^  ^ 


fig<,  25*  DiACTMi  ef  layt-fflTfftisa 
rmeml  of  To^tllo  fvodoeio  of  tiling 
Fig.  24.  Bwotion  voMol  with  cook  pocitloit  froi  xwftetl<|i  vommI  witl^Q. 

of  epaeiol  4o«ign  for  rtMovAl  of  1  »3ad  4  **  ronoMon  2  •  lUBpi 

til«  prcKlacto  of  doeooipocit  ion  cook,  3  »  0-tiike.  . ,  s 

(o)  To  tftcaaft  >  S' 

was  hoAtod  to  ~  40*,  and  tho  trap  m  tho  vaonuB  installation  wiNi  fillad  wltlf  •' 

liquid  nitrogon.  To  eonpLotsly  rsnovs  the  ▼olatile  prodaota  of  dsosnposltiott 

fron  RGr  is  difficult;  it  is  nsoessary,  so  that  the  nitro  esters  at  least  for 

twentyofour  hours  are  under  a  ▼acuua.  Usually  under  a  yaeumn  S  ms  mlntalned 

for  two  days.  After  rtsBoysl  of  yolatile  products  of  disintegration,  the  intake, 

connoeting  the  reaction  rtesel  with  the  cocks,  was  resssled.  If  it  was  neosesary, 

before  this  operation  water  waiwrs  were  introduced  into  the  reaction  weeeel  hgr  the 

usual  wethod. 


In  the  preparation  of  the  ewperlMOt  on  decoapcMiitlan  of  snhjrdrons  IKi  in  the 
|sas<mce  of  duets  of  disintegration  the  follcsdng  aet^od  was  apflied  (fig.  25). 
Moist  KG  was  decowpoeed  in  a  reaction  yessel  1,  united  with  cock  2,  described 
aboys.  After  interruption  of  decoigpoelticn,  this  part  of  the  of  the 

instrawmt  ms  seeled  through  the  U-tub«  3  to  the  reaction  wsssel  4  with  a  dia^hra^ 


to  the  mcuim  instaliatim*  After  emcsatim  of  this  j^rt  of  the  »yst«s>  ^ 


in  U«tub«  3,  cool«d  by  liquid  aitrog«n.  1!h«  volatii*  products  coHsctsd  in  it 
wars  ti«n®f«rrsd  to  ronction  tmmI  4  by  »tin«  of  cooling  it  with  liquid  nitrog#»j 
thtn  the  ll->tube  3  hetted  to  rooei  teapereture. 


Fig.  26,  Disintegmtiaa  of  }IG  pmliisi- 
nsurily  decotapoMd  in  the  presence  of 
water  and  liberated  from  volatile  prt>- 
ducte  of  deooapositian. 

1-  NCr  preliadruiry  deeoapoeed  in  the 
presence  of  water,  ^  “  0.0328;  2  - 
NG  not  subjected  to  preliminary  decoet- 
p<wiition,  S  =  0,0329* 

(a)  p  im  Hg:  (b)  time,  minutes. 


ihe  results  of  the  experiments  are  such. 

KG  at  fijpst  was  decomposed  in  the  presence 
of  water  (PH2O  *  198  sir  Hg)  at  100®  and 
^  «  0.0277.  After  the  fall  of  prceaure 
usual  in  these  conditions  and  the  achieve¬ 
ment  after  68  minutes  of  its  sdiiiffiua  value 
(71  am  Hg)  all  volatile  products  were 

thorou^ily  pumped,  as  described  above. 
nitro  / 

The  /esters  obtained  in  this  manner,  possibly 
containing  Icsf-volatile  products  of 
disintegration  formed  as  a  result  of  its 
parellminary  decomposition  in  the  presence 
of  water,  were  subjected  to  further  decom¬ 
position  at  100*  and  S  <=0.0328, 


It  turned  out  that  in  this  case  the  gmneral  character  of  the  depsndence  p  ) 

is  the  same  as  in  the  decomposition  of  anhydrous  IK3,  not  subjected  to  prelinsiimiT 
decomposion  (fig,  26),  Their  initial  speeds  of  gas  formation  are  approximately 
equal,  however,  acceleration  of  disintegration  in  NG,  pteliainazy  subjected  to 
decomposition  in  the  presence  of  water,  began  7  hours  earlier,  which  ccaistitutes 
nearly  15^  of  the  time  to  the  beginning  of  sharp  acceleration  of  formation  in 
the  decomposition  of  anhydrous  KG, 

If  after  removal  of  volatile  products  frwn  KG,  formed  in  it  as  a  result  of 
preliiainary  d@c®apositi<m  in  the  presence  of  water,  H2O  vapora  are  added  to  it  and 
aecomlsriiy  subjected  it  to  heating,  &  picture  will  be  observed  udiidj  is  ordinary 
under  these  conditi<x,s:  tho  induction  period,  fall  of  pressure  its  accelsmted 


growth  (tig*  27<  eum§  I  tuui  3)«  THo  ^uwtioa  of  th«  isdaetim  poriod  rimlmg 
th«  MM  (ourvo  1)  or  i§  tiimtmM  inoroMod  (sum  3)g  h€Wi?or  tho 
I  fttbuoquMKit  ocGolomtod  growth  of  prooiioro  oeetirt  ia  thoM  «iq»iriMet«  «  HttXo 
I  oarXior  in  eoRparioon  with  NS  not  onhjootod  to  prolislniuy  docoipotiition  (cturvo  2). 

I  FroB  thoM  oxporiaMts  it  folloM  that  th«  XcBr>ToXatilo  produots  of  latomoticm 

t 

I  C81  NGr  azwi  vmUir  forming  at  th«  noMmt,  oosTMpondinf  to  do  not  ashibit  al«oat 

‘  artjr  actlcn  on  tha  initial  ataipi  of  anbcoqMnt  daeonpoaitlon  both  of  aolat  aad  also 
anhjrdrouB  MG,  but,  ac  it  wm  ahoun  abort,  aharp  aeoalaration  of  gaa  forMtion  ia 
praliadnaill/  daocapoaad  WQ  ooenra  a  littla  aarliar, 

lAuit  haa  b«an  amiticMd  ia  oorract  ooljr  with  tha  eondition  of  eoiip!Lata  ranovaX 
of  TolatiXa  prodncta  of  diaintagration  aftar  pralisiaarx  daeoapaaition.  If  howarar, 
thaj  ara  not  coapXataXy  rawanrad  (praXiadnariljr  daeoaipoaad  waa  muimr  memm  tor  12 
houra,  inataad  of  4S,  aa  uatial),  than  tha  indnoticn  pariod  for  and!  MG  waa  practically 
ab&sntj  tha  piraa»ura,  h»Tlng  nwchad  ita  wax3,«a>  (dua  to  avaporation  of  watar  wapora 
during  wam-up),  inaadlatal^  bagan  to  fall  and  aftar  27  adnutaa  eroaaad  tha  Mialnua 
(fig*  27,  curra  5)*  ^  i  |  I-  9  f 

F  'I  4  J  0 
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Pig*  27.  Influasne®  of  nonrolatlla  produota  of  dlMatapation  of 
rapMt<^  daeoapoaltion  of  it  in  tha  prtaanca  of  watar  at  UOO^,  1)  I 
&rilj  d®eaape®«d,  p  HgO  «“  Z?$  m  f  0,03543  2)  SG,  not  p^alisii 
0twip««d,  p  %0  «  293  m  &i  Hgf  I  **  0,©3673  3)  pr@lteimrll^  ^ 
®  02  I  **  0,0355?  4)  not  prslieilmHJI^  p 


Subs«<;ii«nt  gas  fonnation  mt  ccatinusd  with  grwat  spssd  and  at  the  80th  ndnute 
was  sharply  acceleratad. 

If  the  davelopoant  of  the  process,  occurring  after  the  fall  of  pressure,  was 
influwiced  only  by  the  gas  products  of  decomposition,  and  the  formed  nonvolatile 
substances  did  not  render  any  influence  cei  it,  then  the  course  of  disintegration  of 
pure  NG  in  the  presence  of  volatile  products  of  decompoeition,  formed  at  a  moamtf 
correspof^dng  to  couree  of  deccmpositicn  of  moist  nitroglycerine  after 

passage  of  its  mini  roan  by  pressure  should  have  been  identical. 

However  the  experiments  show  that  this  is  not  so.  In  fig.  28  (curves  3  and  4) 
is  represented  the  change  of  pressure  in  time  in  the  experiment,  in  idiich  to  pure, 
preliminarily  pumped  NG,  we  added  volatile  products  of  deccnipc^sition  of  moist 
nitroglycerine,  formed  at  a  moment,  correspwiding  to  For  comparison,  on 

that  graph,  curves  of  deccmposition  of  NG  in  the  pdresence  of  water  are  shown,  and 
after  beginning  of  reading  of  time,  the  ncment  of  passage  of  its  ndnimum  value  by 
presaure  (curves  1  and  2)i8  received. 


Fig,  28.  Influence  of  volatile  products  of  disintegration  of  moist  NG  on 
it-s  decomposition  at  100®,  1)  NG  -Hi20,  p  H^O  «  408  mm  Hg,  ^  «  0.0305;  2) 

NG  +  HoO,  p  H2O  =«  293  mm  Hg,  $  *0,0367  ;  3)  ^  +  volatile  products  of  deccsa- 
poeiti^,  $  “s  0.0301;  4)  +  volatile  products  of  decomposition,  S  «  0.0356, 

(a)  pressure,  laa  Hg;(b)  time,  minutes. 

Frcm  the  expeirlments  it  foHcfws  that  the  gas  products  of  disintegraticsn  have 
a  weaker  influence  on  the  d®cc®p®®iti{H)  of  pure  NG,  than  cm  the  decosaposition  of 
nitro  esters,  cemtaining  nonvolatii©  products  of  decompositicti;  in  th®  last  case, 


tbi  tim  up  to  shftri^  fteo«l«2«tloo  of  fi^mtioe  if  roteood  &p|v«adJH(tt«l/ 

This  it  ii&  tecoFdlaiiot  with  prtotdin^  tozdte  of  txpftrliamtt.  In  til  thoot 
oftBOty  tiion  is  Wj  t^7«  trt  n^Tolttilo  prodaott  of  itt  dtompocltion,  fonaod  «t  t 

i  .  • 

'mamtmt,  cors^tpoodiiif  to  tootlomtioa  of  gtt  fomttion  ece(u«  thto  is)  <j|>  g 

thidr  tbMnieo^  !*•«  glye^iriBit  disltmtt^  foztwd  tt  &  retult  of  ^  «ith«7  ^ 

mru  tubjoot  to  ooddlxisg  tctdon^  or  protottt  dltinttgrtilon  of  NG. 

Doeocipotitloc  of  gljotriBO  diaitmto  jjs  tho  prttonco  of  mtmr 
In  connoctloei  with  tho  Itot  thtt  in  th«  dtootpotiticei  of  scdot  KG  tit  t  rttnXt 
of  h;;'drolcjr«ls,  possibly  tho  foxofttion  glyetrlnt  dlnitrato^  iddeh  th«n  etn  «»ttr  in 
rotetion  with  mttr  tnd  with  told,  «m  intorotting  to  study  tht  kinttict  of  its 
doecflipositicaa  in  tht  prtatnet  of  witor.  In  this  port  of  tht  worit  wt  di4  not  go  into 
dsttilsd  tnd  atnifold  inrtgtigtticn  of  tht  dlsiatogrttioa  of  tht  dlnitrstt,  tnd 
only  mttompttd  to  ts^lith  its  astin  rt^dnritltt. 

Tht  tjqptriiiintt  iftrt  ceodaettd  tt  $  S0,03  tad  100®  in  tht  magt  of  initlt] 
(tq^iillbriu*)  prMturtt  of  utttr  vtpor  60  -  400  wm  Hg,  i,t,  in  tucfa  cooditioiit^^  in 
which  in  tht  dtccmpotition  of  iioitt  90  wtt  obstrrtd  tht  ehtrtettrlttic  mmemtric 
picture  of  disinttgrtticm:  induotian  period,  fell  of  prtteurt  tad  its  growth* 

The  exptrimmts  on  tht  dtoocpotition  of  tsy»»ttrlc  glyetrixM  dinitrttt  showed 
th«  stunt  dtpandtnet  of  tht  du»xgt  of  prtssurt  in  tint  (fig*  ts  noist  US,  Hon-> 
tvtr,  distinctions  wert  tlso  obstyrod*  With  tn  incrttst  of  p  K2O  tht  Htgsdtuds  of 
the  inducticn  period  did  not  iaeretst,  ts  in  the  ctst  of  90,  but  ms  rtductd*  Bras, 
at  PH2O  “  57  Bsa  Hg,  th«  tijse  of  achitreawat  of  c<2nstitiit»d  150  aillion,  at 
PH2O  “  220  m  Hg,  63  sdnutt®,  and  at  1^2^  ®  412  m  Hg,  40  sdautee*  In  tht  mm 
range  of  preesxires,  as  &m  be  ss««a  fro®  the  gmft,  in  the  d«c0spc»iiti<m  of  iSS  in  the 
pr^stac^  of  mter,  the  ti®ss  of  achieirta^at  fluctuates  b®t^ss®«a  60  mi  75  ssdmstt®* 

Another  easeatial  distinetim  of  disistegnstic®  of  glycerin®  dijsitrmtt  frm 
disiniegmtiaa  of  gIyc®rlDi@  trinitmt®  i®  the  f&ot  that  after  of 


i  e 


SoluDliltj  of  wtor  in  glycesljae  dtauitmto  is  grmi^r  than  in  this 

mmm  that  at  a  giwm  e^paiiibri^  pp®s«ir«  of  mtsr  vapors,  its  in 

th®  dlrd  irate  is  grmt^r  than  in  trtnltnite. 


•  f 


pr«8tur«  grcwi  %flth  a  high  ipMd.  Essantial  diffarancea  batwaan  diaintagration  of 
aTMnatrlc  and  aaynwtrf.c  iaonara  of  dijiitxata  in  tha  praaanca  of  aatar  wara  not 
ob..r«d.  ‘T 


g '  m  200  300^  too  yoo 

bi)  t  "UM 

Fig.  29.  Oaeonpoeition  of  aayanatrlc  gljrcarina  dinitrata  in  the  praaanea  of 
natar  at  100».  l)  l}|IG  +  HjO,  p  H  O  *  413  ma  Hg,  I »  0.0307  j  2)  »G  +  HpO,  p  KoO 
-  408  «ai  Hg,  <  »  0.0305  J  37  DKG  +%0,  p  K^O  «  hub  Hg,  &  «=  0.0251;  4)  m  +  H^O, 
p  H2O  -  230  m  Hg.  >  «  0.0339;  5)  DmG  +  H^O,  p  H20=57  am  Hg,  <i  =  0.03;  6)  NG  + 

H2O,  p  H2O  *  54  Mil  Hg,  «  »  0.0259 
(a)  praaaura,  wm  Hg;  (b)  tisa,  ndnutaa. 

Tha  identical  charactar  of  dacompoaition  of  trinitrata  and  dinitrata  of  glycarina 
ittdicataa  that  in  both  eaaaa  baaically  occur  tha  aana  procaaaaa.  Hcaiavar  tha  di8> 
tinction  in  tha  atructura  of  a  molacula  (praaanca  of  group  OH)  haa  a  cartaln  influ 
anca  on  tha  couraa  of  daconpoeition.  In  particular  probably  by  tha  praeanca  of  tha 
OH  group,  capabla  of  relatively  li^t  oxidation,  tha  high  apaad  of  gaa  fonoation  on 
tha  ataga  of  accalaratad  groirth  of  praaaura  ahould  ba  explained . 

Diacuaaion  of  Heaulta 

Tha  aain  caxiaaa  of  acceleration  of  diaintagration  of  NG,  brou^t  about  by  the 
gaa  producta  of  ita  dacocapoaiticn,  ia  their  oxidising  and  hydrolyzing  action  on  the 
intamadiate  organic  producta  of  diaintegraticxi  and  on  nitroglycerine  itself. 

Admixturaa  such  aa  vater,  usually  contained  nitro  esters,  and  acids,  if  NG  is 
sufficiently  cleansed  sfX!  the  processed  acid,  can  have  an  analogous  influence. 

’Whter  catuies  hydrolysis  of  NG,  leading,  as  the  experiment  indicated,  to  the  fonn- 
atlon  of  nitric  acid;  the  spaed  of  hydrolysis  naturally  is  greater,  the  larger  the 

content  of  laitar.  However,  this  speed  greatly  depends  also  on  tha  ccmtants  of  acids 
in  NG,  in  particulAr  nitric,  and  this  influence  can  cover  the  influence  of  ccmcen- 
traticBi  of  water  in  the  sense  that  with  a  small  contents  of  water,  but  significant 
acidity,  hydrolysis  can  proceed  fnuch  faster,  than  with  a  large  contents  of 


ot  mXw  in  MQ,  bat  lA  th«  tbMBO«  ot  «eid.  Dilotod  nltrie  aeld  hand!/  aeoolarttMi 
hjdroljtia;  eoncigitiatad  HNO^  alao.  th*  aoddiaing  action  or  nitric  add  alao 
dapinda  cn  ita  concintration;  a  alniiw  eonoantration,  atarting  froa  abi^,  tha 
I  danralopaant  of  oaddation  ia  graatlj  aeealaratad,  la  higb«r  than  that,  aith  which 
j  atrong  accalaratloc  of  h^rird^ia  oeaora. 

This  laada  to  an  original  and  diffarant  eharaetar  of  tha  inflnanea  of  watar 
with  nurioua  contanta  of  it  in  tha  raaaal  and,  in  partictilar,  in  MB,  axhibitad  in 
aanonatrle  ourraa  in  tha  laboratozy  asqiariMntt. 

With  aaall  qoaatitiaa  of  watar,  tha  eouraa  of  daeoapoaition  ia  aiadlar  to  that, 
which  la  <^arvad  for  achTdroua  IKf,  but  nora  coapraaaad  in  tiaa.  In  coordlnataa 
p  »  f  (T  )  it  can  be  rapraaantad  by  tha  curras  in  fig.  3  azkd  4«  In  tha  baginning 
tha  growth  of  spaad  of  gaa  fozvatlon  prooaada  aloirlyi  aftar  aebiavanant  of  a 
cartain  "critical"  praaaora,  tha  spaad  grows  appradoatal^  proportional  to  tha 
square  of  total  praaaura  of  gaa  produeta  of  dialntagration  and  watar. 

With  avaraga  quantitlae  of  watar  tha  rlciaaituda  of  tha  procaaa  ia  aora 
sharply  expraasod.  Threa  main  stagae  are  clearly  dletingaiehed  (fig.  21.  corira  1): 

1)  induction  period,  when  preaeore  (watar  Tapora  above  NGr)  rwelne  practically 
constant  (Afi); 

2)  period  of  fast  fall  of  pressure  (BC); 

3)  period  of  accelerated  growth  of  praesura  (CD). 

In  tha  induction  pedod  there  occure  aceunulation  of  nitric  acid  in  MG  as  a 
result  of  "waterless”  disintegration  and  intezwctioc  of  its  products  with  water, 
and  also  as  a  result  of  hydrolisis,  slow  in  the  beginning  and  accelerated 
accuDulation  of  acid. 

In  the  second  period,  starting,  when  the  content  of  acid  raaehae  eevaral 
tenths  of  a  percent,  water  vapors  croes  into  liquid  ^  and  ainultaneowaly  as  a 
result  of  hydrolysis  w5Jl  fora  nitric  acid.  Its  solubility  ia  aitro  estera  ia 
much  grwiter  vbaa  water.  This  is  also  deteredned  basically  by  the  rel-atietsahip 
of  periwssurss  before  and  after  the  fall.  The  oonoi^traclon  of  nitric  acid  in  ^  at 

_ 


momtnt  of  coapilttiani  of  tho  fall  of  praattire  la  aevaiml  tiJMt  (dapanding  upoi  th« 
quantity  of  mtar,  in  tha  vaaaal)  graatar,  than  it  m»  in  tha  baginning  of  tha 
period  of  fall  of  praasura.  Coiraapondlngly^,  concentration  of  the  ozganie  products 
of  hydrolysis  also  incraasaa. 

^  the  third  period,  due  to  tha  hi^  eoneentration  of  nitric  acid,  and  also  tha 
lightar,  than  NG,  oxiditad  producta  of  hydrolysis ,  tha  laain  role  la  ta)»n  by  the 
oxidising-raduction  prooaaaaa,  acconpaniad  by  abundant  foraation  gaaaa,  both 
and  condensed,  and  also  noncondanatng  (at  roon  temperature).  Tha  procaae  ia  deraloped 
faatar,  tha  graatar  the  nitric  acid  ia  on  the  ndnisKum  of  pressure.  The  spaed  of  gas 
foraation  in  this  period  is  approodnataly  proportional  to  tha  square  of  pressure. 

With  large  quantities  of  Mtar  (fig.  6,  eunra  8)  the  pressure  above  NG  c^tanges 
relatively  little,  and  after  a  long  tixae,  idiich  can  even  exceed  the  time  up  to 
sharp  acceleration  in  diaintegration  of  anhydroua  nitro  esters,  insignificant  lo«»sr~ 
ing  of  preasure  occurs,  after  ahich  usually  follcws  its  fast  growth.  With  vr/y 
large  relative  quantities  of  water,  the  naudsttim  of  the  dieintegration  rate  can  be 
even  less  than  in  a  *4x7”  process  in  the  same  conditions.  The  main  cause  of  the 
decrease  of  acceleration  in  the  last  case  is,  evidently,  the  excessive  djJLution  by 
water  of  nitric  acid  and  other  oxidisers,  inhibiting  the.  development  of  oxidation. 

Let  us  consider  now  in  more  detail,  three  types  of  “aqueous"  decomposition. 

We  will  start  from  the  second  as  the  moat  typic^.i. 

If  NG  contains  water,  then  in  it  proc^jd  two  processes  -  "waterless"  decomposi¬ 
tion,  not  connsctsd  with  the  presence  of  water,  and  hydrolysis.  The  speed  of  both 
processes  in  the  begiming  is  smell.  However,  the  speed  the  first  of  them  almost 
does  not  grow,  and  the  speed  of  hydrolysis  is  increased  under  the  influence  of 
nitric  acid,  at  first  formed  chiefly  as  a  result  of  "waterless"  disintegration.  In 
the  beginning,  this  growth  proceeds  slowly,  therefore,  the  duration  of  the  liKiuction 
period  is  basically  determined  by  the  speed  of  the  ’‘waterless"  reacticsi.  In 
corresDondence  with  this,  according  to  B,  S.  Svetlov,  is  the  temperature  dependence 


of  Uw  indttotion  poriod.  IfittR  quantity  c:  uiXrle  aeid  riehaa  0,M,kS^  iDgr 
yoifbt  of  tho  qoasititx  of  ilG,  hxdroXxsla  ta  aeeoloxtttod*  Tb«  cmmim  of  tiM 

siuurpMM  of  this  ineroftso  of  anood  la  aatabliabad}  poatiblj,  «  ro3o  ia  plaxad 
hara,  in  particular,  by  the  incraaar  of  aolubillix  of  aatar  in  US,  .laading  to  Ita 
\  tranaition  irm  tha  gaa  phasa  liquid,  idiieh  in  tha  ascpariJMRt  in  tha  cloaad 

f 

container  ia  nariifoatad  ir  a  aharp  fall  of  praaaura.  During  thia  fall  pMUttieallx 
all  uatar  by  naana  of  ^ijdrolxaia  la  tumad  into  nitric  acid,  and  tha  eorraapanding 
quantity  of  NC  fo»,  apparantly,  a  dinitrata. 

Tna  rt^oeg  ineraaaa  of  concantration  of  nitric  acid  in  a  liqiaid  oauaaa  ooddaticn 
of  tha  organic  produeta  of  hydroljaia,  and  also  tha  actual  iD$  inataiueh  aa  ooddation 
yl^lda  water,  to  it  hydrolyaia  ia  joined,  8U|q>ljriag  in  turn  "food"  for  tha  ooddiaing 
reduction  proeeaaaa. 

Tha  produeta  of  hydrolyaia  are  oxidiaad  aaalar  than  NC  itaalf ,  aa  thia  aaa 
confinaad  by  a  nua&ar  of  axparinanta.  Thua  in  ’^aqueoua*'  daccnpoaltion  of  glj^idna 
dinitrata  tha  grearth  of  preaatire  in  tha  third  period  procaadad,  other  ecaditicaa 
being  equal,  aignificantly  faater,  than  for  NG,  although  nitric  add  in  thia  caae 
can  be  fomad  leaa  than  in  "aqueoua"  diaintagration  of  glyoerina  trinitrate. 

Preciaaly  the  aama  exparioMnta  with  partially  hydrolysed  NG,  liberated  tharough 
evacuation  frem  volatile  acids,  ahewed  that  ita  period  of  acceleration  of  gM 
fomatlon  occurs  both  in  tha  preaenca  of  water,  and  also  in  ita  abaaoee,  faster, 
than  for  fresh  nitro  aatera.  Finally,  tha  volatile  products  of  diaint^pcetion, 
being  added  to  fresh  NG,  sore  weakly  acoaleratad  gaa  fonwition,  than  tide  is  observed 
in  the  third  period  of  diaintagration  of  eoiat  nitroglycerine. 

Thua,  in  the  beginning  the  suceeaaive,  and  then  the  joint  fleer  of  hydrolysis 
and  oxidation  leads  to  the  fact  that  in  the  presence  of  water  a  large  and  growing 
diaint<?gration  rate  of  IMl  la  attained  faster,  than  in  ita  absence.  Thus  at  I*  ar 
0.03  and  100*  at  ''waterless”  diaintagration,  thia  happened  after  W  hours,  and  in 
the  presence  of  1.5$  by  weight  water  after  2  hours. 


ft 


If  thftZM  is  Ysry  littls  ustsr  (for  sacsitple  p  H2O  <  30-50  na  at  100*  and  f  25 
0,03)9  thm  tha  spsad  of  hjrdroljrsis  in  tha  beginning  is  corraspondingly  asaill,  but 
sinoa  the  acid  products  of  aatarlass  disintegration  (and  also  the  acid,  fonsad  in  \ 

the  deTaloinant  of  hydrolysis)  are  not  diluted  considerably  by  sater,  and  such  a 
concentration  of  acid  is  quickly  attained,  with  which  hydrolysis  proceeds  with 
great  (relative  to  the  <9asntity  of  water)  speed*  Fozvation  in  these  conditions  of 
concentrated  (inasMUch  as  there  is  little  water  in  the  vessel,  in  order  to  dilute 
it)  nitric  add,  and  also  the  orgMic  products  of  hydrolysis  leads  to  the  develop- 
annt  of  oddation,  slower,  however,  than  with  average  quantities  water,  since  there 
is  little  nitric  acid. 

Thus,  the  general  anvessmt  of  this  process  is  obtained  siailar  to  the  decoei> 
position  of  anhydrous  MB  with  that  only  distinction  that  in  the  last  case  the 
absence  of  water  in  the  beginning,  which  will  be  fonaed  only  later  as  a  result  of 
oxidation,  delays  the  developsMnt  of  ):gnlrolysis :  in  the  presence  of  even  a  snstll 
qusntity  of  water,  it  starts  ioaediately  and  soon,  due  to  the  significant  acidity, 
proceeds  with  a  coeparatively  great  speed  in  spite  of  the  fact  that  there  is  little 
water*  As  a  result,  the  ooveoMmt  of  the  ’’pressure-tine"  curve,  inherent  NG  is 
maintained,  but  the  process  of  acceleration  of  disintegzation,  connected  with 
accuwHtlation  of  nitric  acid  and  oxidation  caused  by  it,  is  developed  significantly 
faster.  Thus  at  p  H2O  «  14  on,  the  preesure,  equal  to  700  ns,  was  attained  in  the 
presence  of  a  small  quantity  of  water  twice  as  fast  as  for  anhydrous  NG. 

If  there  is  very  much  water,  th«i  it  dilutes  the  acids,  fonaed  in  the  "water¬ 
less"  reaction,  and  then  also  in  hydrolysis,  and  the  latter  therefore  proceeds 
very  slowly  In  the  beginning.  As  result  of  this,  the  time  to  the  approach  of  the 
third  period  can  increase.  Here  we  obtain  an  original  picture;  hydrolysis  lags, 
and  the  subsequent  acceleration  of  disintegration,  on  the  contrary,  is  accelerated, 
since  i^re  nitric  acid  azKi  org^inic  products  of  hydrolysis  will  be  formed. 

Depending  upai  the  coraditions,  both  the  first,  axKi  also  the  second  influence  can 


pndmimU,  l.«.  th«  totol  tim  trm  tte  btslming  of  tbo  taqporlMiit  to  tlio  •ppi'Oiih 
of  otroeg  ftcoolKwiion  of  gM  fonfttlon  mn  both  4oer«Mo^  and  aloo  inorooM. 

A  good  iUiuitxmtiaii  of  thoM  rtlatiosMhipi  it  glrm  in  tablo  6|  at  idwtiaaX 
S  tho  promraro  of  nator  vaponi  mm  ineroMod,  l.o*  ito  qoantit/  and  oootonta  in 
RGi  tho  indnetloo  poriod  of  gtaoral  ehangod  littlo  and  tho  avoiago  opood  of  for- 
nation  of  acid,  roforrod  to  tho  oonoontratlon  of  nator  [  * 

with  an  incroaao  of  tho  lattor,  doeroaaod.  Tho  oaaoo  of  thia  nao  oMooaljr  tho 
anallor  tino-tyorago  conoontration  of  aeid,  tonmd  by  •^torlnao"  diaintogiatioa, 
duo  to  nhieb  tho  apood  of  hydrolyaio  naa  loHorod*  Lot  ua  add  that  a  fan  osparinanta, 
eondaetod  nitb  giyeorlno  dinitrato,  ahonad  that  for  it  tho  indnetion  poriod  nao 
roducod  nlth  an  ineroaoo  of  aator  proaouro.  It  io  poooiblo  that  in  thio  oaaa  tho 
coneontration  of  aator  playa  a  largo  rolo,  and  tho  aeeolorating  action  of  add,  a 
anallor  ono,  than  in  tho  eaoo  of  MG. 

At  largo  S  ,  uaually  a  prodoadnant  rola  la  playad  by  tho  rodaoticn  of  tho 
duration  of  Uia  third  paziod  and  total  tina  of  davolopnant  of  tho  prooooo  ia 
roduead  with  an  ineroaaa  of  tha  ipnntlty  of  nator  In  NG;  at  wll  S  »  oasiaipiLo 
~  0.006,  it  ia  poaaibla  to  obaorro  alao  an  incroaaod  total  tint  with  an  ineraaao 
of  tho  contonta  of  wator  in  KG,  and  it  can  beccBO  oran  graator,  than  for  anhjdroua 
nitro  aatora. 

Thoao  conaidorationa  alao  oxpilain  tha  incroaaod  offoetlTanooa  of  "portion*’ 
introduction  of  wator.  If  a  littlo  wator  io  introducod,  thon  tho  coneontration  of 
acid  quickly  roachoe,  duo  to  tho  "watorlooo"  diaintogration,  auch  valwaa,  with 
which  hydrolyaia  occura  quickly  and  foma  nuch  acid.  With  tho  ropoatod  addition 
of  water,  tho  procoaa  of  hydrolyoio  ohould  not  start  fron  tho  noutral  boginning  and 
tho  total  tiiM  of  both  hoatingo  to  tho  fall  of  prooouro  io  roducod  as  conparod  with 
that  ia  obaorrod  if  tha  ontiro  quantity  of  wator  ia  addod  intandiataly. 

I^e  snail  influonco  of  praliadLnazy  ’’dry'*  hoating  on  aubaoqnant  daeonpoaition 
in  the  presence  of  water  roquirea  additicnal  explanation.  It  i#  net^aary  to 


allow  that  in  thaaa  cooditiont  aid#  bj  aid*  adth  tha  foraation  of  ^  hi^^iaat 
oxidaa  of  nitrofan  proeaada  thair  radoetioiA,  probably  to  and  tba  aabaaqnaot 
addition  of  watar  doaa  not  laad  to  tha  fonation  of  aeida.  If,  howavar,  tha 
highaat  ooddaa  of  nitrofan  ara  fonaad  in  tha  praaanca  of  watar,  than  it,  intaraeting 
with  thaai,  ionadiataly  yialda  acid  and  dilutaa  than  ao  anefa  that  hydrolyaia  (foxving 
nitxde  acid)  prooaada  with  aignifieant  apaad,  and  coddation  (daatroying  tha  highaat 
oxidaa  of  nitrogan)  ia  ai^praaaad  (wa  raeall  that  tha  eoneantxmtion  of  nitric  acid, 
atrongly  aooalaxnting  hydrolysia,  la  »teh  laat  than  tha  cox  raa ponding  eonoantration 
for  oxidation)* 


Concluaiona 

1.  Tha  praaanot  of  watar  can  randar  a  strong  Infloanca  on  tha  daralopMnt  of 
diaintagraticn  of  MG  at  incraaaad  tanparatnraa* 

2*  Uith  aaall  qoantitiaa  of  watar  tha  typa  of  diaintagration  ia  aaintainad  , 
laharant  to  anhydrona  MG,  bat  it  prcoaada  f^tar. 

3*  Mith  awaraga  qoantitiaa  of  watar  wa  obaarva  thraa  pariods  of  diaintagration: 
eonatanoy  of  praaaara  (induction  period),  fall  of  praaaura  and  growth  of  praaaura. 

The  last  period  prooaada  faatar,  tha  sora  watar  thara  ia,  and  this  dataminaa  tha 
daoraaaa  of  tha  total  tiaa  of  diaintagration  with  tha  ineraaaa  of  tha  quantity  of 
watar. 

4*  With  large  quantitiaa  of  watar,  diaintagraticn  can  be  strongly  dali^rad, 
and  tha  naxlii  of  ita  apaad  oan  be  laM  than  even  for  anhydrena  MG. 

5*  All  these  ragularitiira  ara  axplainad  procaading  fron  the  aasuaption  that  the 
initial  stage  of  diaintagration  in  praaanMi  of  watar  is  hydrolysis,  in  a  neutral 
Qadiun  procaading  slowly,  but  aooalaratad  by  tha  acid  products  of  tha  "anhTdrous” 


In  favor  of  this  asstanption,  as  our  attention  was  turned  to  this  by  b.  S, 
Svetlov,  it  also  the  reduction  of  the  time  to  the  approach  of  onarp  acceleration  in 
the  disintegration  anhydrous  NG  in  the  presence  of  oxygen;  apparently,  oxygen,  quickly 
oxidising  JK),  decreases  the  role  of  the  reductiem  processes,  ie^iing  to  the  decrease 
of  concentration  of  the  highest  ocxides  of  nitrogen.  In  exactly  the  same  way,  in  the 
case  of  thenaal  disintegration  of  diglycoldinitiate,  idiere  the  hipest  oxides 
of  nitrogen  are  reduced  and  cannot  form  acid,  the  presence  of  water  doee  not  lead  to 
accelemtion  of  disintegration. 


rmtttim  and  tha  actual  hjdjraljrBia.  ffjrdrsljaia  laada  to  tha  acowilatlcp  of  ocnoao- 
timtad  nitric  acid  and  orgu&ie  produeta,  vftiich  cauaa  coddatioeji  aMoeiatad  idtb 
h^drciljaia  aad  aeccKpaniad  libamticn  of  a  larga  quantity  of  aaaaoaa  pmd**cta  > 
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10.  On  the  Influence  of  Acids  and  Soda  cm  the  I^±Rtegrati<»i  of  Nitroglycer- 
ine  in  the  Presence  of  Water 

Investigation  of  the  decomposition  of  nitroglycerine  (NG)  in  ihe  paresence 
of  water,  the  results  of  which  are  ccmsidered  in  the  preceding  article,  led  to 
the  conclusi(xi  that  an  essential  stage  of  disintegraticMi  is  represented  by  hydroly¬ 
sis  of  NG.  This  hydrolysis,  in  the  case  of  neutral  nitroether  proceeding  very 
slowly,  can  very  greatly  be  accelerated,  if  there  is  created  significant  concen¬ 
tration  of  nitric  acid  as  a  result  of  the  interaction  of  water  and  nitric  oxide, 
formed  at  "waterless*’  disintegration  of  NG.  The  fast  flow  of  hydrolysis  leads 
to  the  formation  of  very  large  quantities  of  nitric  acid,  and  also  glycerine 
dinitrate  which  are  developed  more  or  less  abruptly  by  oxiaxsing-reduction  react¬ 
ions  between  them,  accompanied  by  strong  gas  formation. 

From  this  conclxuiion  ensued  two  experimental  ways  of  checking  it,  accomplish¬ 
ed  in  this  wox^. 

1.  Having  aided  acid  to  NG.  together  with  water,  we  should  immediately  or 
in  any  case  more  quickly  obtain  that  picture  of  flew  of  disintegration,  which 
yields  a  neutral  product  on  the  esqxiration  of  the  induction  period. 

2.  Neutralization  by  any  method  of  a  forming  acid  must  remove  or  at  least 
delay  the  approach  of  that  change  of  pressure  (constancy,  fast  fall  and  acceler¬ 
ated  growth)  which  is  cliaracteristic  for  disintegrt-tion  of  NG  and  certain  other 
aitroesters  in  the  presence  of  water. 

The  Influence  of  Acids  cn  Djaintegratlon  of  Nitroglycerine  In  the  Presence  of 
Water. 


The  inIlu€Qic©  of  three  acids  was  studied:  nitric,  tirichloroacetic  and 

&x 


oxalic.  Nitric  acid  will  be  fomed  at  hydrolysis  and  supposedly  is  the  cause 
of  its  acc&leratioc..  Ha%reTer  nitric  acid  possesses  not  only  an  acid,  but  also 
an  oxidizing  function,  and  its  action  could  be  connected  also  icLth  this  last 
cne.  Therefore  in  addition  to  nitric  acid,  we  studied  trichloroacetic  acid, 
which  is  a  strong  acid,  but  does  not  have  an  oxidizing  action,  and  also  oxalic 
acid,  ccrabining  the  properties  of  acid  and  reducing  agent. 

Methodology  of  Experiaent 

Nitric  acid  was  introduced  into  NG  in  the  following  Nitroglycerine, 
liberated  by  long  evacuation  in  a  thin  layer  from  volatile  impurities,  was 
mixed  in  a  determined  relationship  with  98.5/^  riitric  acid.  In  those  cases, 
when  we  investigated  the  influence  of  large  quantities  of  nitric  acid  (0.15  - 
1%  in  reference  to  NG),  this  acid  NG  was  directly  introduced  into  the  reaction 
vessel.  If  however  we  studied  the  decomposition  of  NG  at  a  smaller  content  of 
HNO^,  then  into  the  reaction  vessel  we  introduced  prepared,  as  has  been  shewn 
above,  acid  and  preliminarily  evacuated  neutral  nitroglycerine  in  such  pro¬ 
portion,  in  order  to  obtain  the  necessary  relationship  between  nitric  acid  aaid 
NG.  To  avoid  volatilization  of  nitric  acid,  evacuation  for  the  reeaoval  of  air 
from  the  reaction  vessel  was  done  during  continuous  cooling  of  the  latter  by 
liquid  nitrogen.  Dosage  of  water  was  done  by  the  usxial  method. 

Oxalic  and  trichloroacetic  acid  were  introduced  into  the  reaction  vessel 
in  the  form  of  aqueous  solutions  of  determined  concentration,  from  which  the 
water  was  removed  by  evacxration  at  room  temperature.  The  remaining  operations 
in  the  preparation  of  the  experiment  remained  as  before. 

Results  of  Experiments.  Decemposition  of  nitroglycerine  in  the  presence  of 
small  amounts  of  nitric  acid  and  small  quantities  of  water. 

At  decemposition  of  NG  in  the  presence  of  a  aanaH  quantity  of  nitric  acid 
(initial  pressure  of  its  vapors  in  reaction  vest  si  bonstituted  13  mb  Hg  which 


corresponds  to  the  contents  of  acid  approximately  0,31t  by  weight  in  reference 

occurred 

to  NG)  without  the  introduction  of  water,  gas  formation/ J  fig.  1,  curve  1) 
on  the  initial  stage  three  times  faster,  than  with  pure  nitroester  and  the  time 
before  the  approach  of  sharp  acceleration  of  increase  of  pressure  was  reduced 
approximately  twice. 


Fig.  1.  Influence  of  small  quantities  of  water  and  nitric  acid  on  dcccia- 
position  of  NG  at  100°.  1)  NG  +  HNO3,  ^HNO.  -  13  mm  Hg,  6  =  0.0346; 

2)  NG4H2OHiN03,  'H2O+HNO3  =  14  mm  Hg,  J  *  Qr.02^1-,3)wm^  am  = 

0.0271;  4)  Nu  pure,  S=  0.0329.  a)p  nm  Hg;  b)  t  min. 

The  experiment,  with  which  into  NG  were  introduced  water  and  acid  approxi¬ 
mately  in  equal  quantity  (cxxrve  2),  also  provided  faster  development  of  the 
process,  than  it  was  observed  in  the  case  of  pure  NG.  It  is  interesting,  how¬ 
ever  that  at  equal  equilibrium  initial  pressure,  water  (curve  3)  somewhat  great¬ 
er  accelerated  decomposition  of  NG,  than  water  in  combanation  with  acid. 


Decomposition  of  Nitroglycerine  in  the  Presence  of  Small  Amounts  of  Nitric  Acid 


Experiments  with  0.02^  nitric  acid  (in  reference  to  NG)  (fig.  2)  and  with 


different  equilibrium  initial  press’ires  of  water  and  acid  vapors  showed  that 


the  presence  of  such  a  quantity  of  HNO3  does  not  change  the  general  picture  of 
disintegration:  gas  formation  qualitatively  and  even  quantitatively  is  near  to 


that,  which  yields  one  water:  the  magnitude  of  the  induction  period  and  time 


before  sharp  acceleration  of  gas  formation  are  approximately  identical.  Thus, 


At  «Mdl  contmts  of  nitric  «cld  relAtlvely  wMkly  affects  those  peculiarities 


the/ 

of  the  process  of  disintegraticai  of  JfGr,  which  are  cOTditioned  presence  of 


Fig.  2.  Influence  of  small  quantities  of  nitric  acid  on  decceipositioai 
of  NG  in  the  presence  of  significant  qijarifcities  of  water  at  100^.  1)  NG 

-Hi2CH0.0235^  by  weight,  HNO^,  ^H2CH«N0.  -  92  nan  Hg,  I*-  0.0363  ;  2)  l»+«20f 
0.017$^  by  weight  HNO3,  **H20kN03  =  196  nan  Hg,  t  ~  0.0287;  3)  NG4H2CH0.019^ 
by  weight  HNO3,  ^H20=mN03  =385  4i  Hg,  <=  0.03170;  4)  N&+ti20,^H20  -  220  nan 

Hg,l  =  0.0290;  5;  NOfH^O,  ^HaO  =  408  nm  Hg,  ^  =  0.0305. a)  p  ran  Hg;  b)tmin. 


Decomposition  of  Nitroglycerine  in  the  Presence  of  Largqfeuantities  (0.13  -  1*5% 


Weight)  of  Kitidc  Acid  and  Significant  Quantities  of  Water. 

Increase  of  contents  of  nitric  acid  to  0.13^  by  weight  significantly  reduces 
the  time  before  the  beginning  of  fall  of  pressure  as  compared  to  the  experiment 
in  the  presence  of  water,  but  without  acid:  the  time,  corresponding  to 


is  reduced  from  65  to  23  minutes.  In  the  ulterior  development  of  acceleration 


.  of  gas  formation  this  ifoantlty  of  acid  however  almost  is  not  reflected  (fig.  3). 

■  Only  a  large  increase  of  its  contents  1.5^  by  weight)  greatly  reduces  the  time 
up  to  the  beginning  of  fall  of  pressure  at  decomposition  of  wet  NG,  but  also 
sharply  increases  acceleration  of  gas  formation. 


a)  0  m  Hf;  bjTmin. 


Fig.  3.  Influence  of  0.135^  by  weight  nitric  acid  on  decoaposition  of 
NG  in  the  preeence  of  water  at  100  •  Numbers  by  curves  -  equilibrium 
pressure  of  water  and  acid  vapors  and  S»lQr{in  paroatheses) . 

In  this  case  we  can  no  longer  speak  of  the  induction  period  as  a  period  of  con¬ 
stancy  of  pressure.  Having  reached  a  maximum  as  the  result  of  wanu-up,  pressure 


iomediately  starts  to  fall|  after  iidiich  at  first  is  comparatively  slew,  but  then 


quickly  increases. 


a)  p  m  Hp;  b)f:nin. 


Fig.  4«  Influence  of  l.^%  by  weight  nitric  acid  on  decomposition  of 
NG  in  the  presence  of  water  at  100°.  Numbers  by  curves  -  equilibrium 
pressure  of  water  and  acid  vapors  and  ^•lO^Cin  parentheses). 


With  this,  the  more  »rater  was  added,  the  later  the  minimum  of 


occurred 


but  the  more  rapidly  started  sharp  acceleration  of  gas  formation  (fig.  4). 


Decomposition  of  Nitroglycerine  in  the  Presence  of  Trichloroacetic  Acid  and 
Water. 

The  experiments  shewed  that  addition  of  trichloroacetic  acid  in  a  quantity 
of.-'  0.5^  by  weight  in  reference  to  NG  greatly  reduced  the  induction  period 


^  inttMd  of  70  ainutes  in  the  experiaent  with  neutral  MG;  fl^*  '5* 

^  curves  1  and  2). 

I  The  presence  of  2.66^  by  wei^t  trichloroacetic  acid  coapletely  deetroys 

I 

I  the  induction  period  -  pressure  quickly  falls  and  after  19  minutes  (curve  3 

I 

passes  throu^  its  minimum. 


Fig.  5.  Influ«ice  of  trichloroacetic  acid  on  decomposition  of  NG,  in 
the  presence  of  water  at  100®.  1)  NG  neutral,  ^HoO  =  230  noi  Hg, 

0.0339;  2)  by  weight.  TCA  acin,  ^HjO  «  253  d»  Hg,  4  = 

0.0299;  3}  !itH2.665g  by  weight.  TGA  acid,%0  -  230  mm  Kg,tf«  0.0319. 
a)  p  nan  Hg;  b)fmiri. 

This  shews  that  the  character  of  decomposition,  observed  on  the  initial 
stage  of  disintegration  of  moist  NG,  is  conditioned  by  acid,  and  not  oxidising 
properties  of  intermediate  products,  formed  at  interaction  of  NG  with  water. 


Decomposition  of  Nitroglycerine  in  the  Presence  of  G;ialic  Acid  and  Water. 

The  contents  in  NG  of  comparatively  small  quantities  (0.08  ->  0,17$  by  weight) 
of  oxalic  acid  (fig.  6)  leads  to  some  increase  of  the  induction  period  (at  0,17$ 
from  60  to  90  minutes).  In  addition,  in  distinction  from  disintegration  in  the 
absence  of  this  acid  the  pressia'e  during  the  induction  period  dees  not  ranain 
constant,  but  increases,  and  with  this  all  the  more,  acid  added.  Minimum  press¬ 
ure  (after  its  fall)  is  increased,  and  the  relative  magnitude  of  the  fall  of 
pressure  correspondingly  decreases.  Stibsequent  acceleration  of  gas  formation  is 
developed  somewhat  faster. 

Lengthening  of  the  induction  period,  apparently  is  connected  with  the  re¬ 
duction  of  nitrogen  peroxide  or  nitric  acid,  preventing  the  increase  of  acidity 


of  NG;  the  reduction  taking  place  uith  the  fonnaticm  of  gases  is  shown  by  a 
certain  increase  of  pressure  in  the  induction  period;  the  acidity  created  by  0.2$ 
by  weight  oxalic  acid,  turns  out  to  be  too  small  to  replace  nitric  acid.  The 
faster  approach  of  acceleration  of  disintegration  supposedly  also  should  be 
ccxmected  with  the  reducticsi  action  of  oxalic  acid;  oxides  of  nitrogen  in  ccia> 
bination  with  water  oxidize  greater,  than  pure  nitric  acid. 

At  an  increase  of  the  quantity  of  oxalic  acid  to  0.71  -  0.77$  by  weight, 
(fig,  7).  The  increase  of  pressure  in  the  induction  period  becomes  even  more 
expressed  and  correspaids  to  the  formation  of  2,7  -  3.0  moles  of  gas  per  mole 
of  oxalic  acid;  fall  of  pressure  approaches  a  little  more  earlier,  but  occurs 


Fig.  6.  Influence  of  small  quantities  of  oxalic  acid  on  decomposition 
of  NG  in  the  presence  of  water  at  100®,  1)  NG  neutral,  ^H20  =  230  mm 

Hg,^=  0.0339  ;  2)  NGK).078$  by  weight  ii2C204/H20  =  256  mm  Hg,  0  = 
0.0326  ;  3)  NG+0.16$  by  weight  H2C2O4,  ^H20  -  246  mm  Hg,^=  0.0313; 

4)  NG+0,17$  by  weight  H2C2O4,  ^  H2O  =  262  mm  0,0318.  a)  p  mm  Hp; 

b)T'inin. 


Fig.  7.  Influence  of  significant  quantities  of  oxalic  acid  on  decom¬ 
position  of  NGr  in  the  presence  of  water  at  100^.  1)  1ICH0.7X^  bgr 
weight  H2C0O4  ^HaO  =  175  no  Hg, '  d  «  0.0404;  2)  m*0.77%  by  weight, 

H2C2O4,  ^H20  «  191  m  Hg,  0.0326;  3)  N(J+1.623«  by  weight  H^;204, 

ni20  ®  160  OB  Hg,  6  »  0.0358*  a)  p  mm  Hp;  b)rmin. 

At  even  larger  contents  of  oxalic  acid  (1*6$}  there  is  still  no  fall  of  preaaure 

and  only  a  certain  brief  delay  of  its  Increase  is  observed.  (^>viottaly,  with  this 

concentration  is  developed  already  the  accelerating  action  of  oxalic  acid  on 

hydrolysis,  and  its  reduction  action,  increasing  the  concentration  of  nitrogna 

the/ 

oxides,  accelerates  and  strengthens  oxidation  ant^ increase  of  pressure  detemined 
;  by  them.  As  a  result  both  stages  -  hydrolysis  and  oxidising  reduction  reactions  > 
I  are  not  divided  clearly  in  tine,  as  this  is  observed  only  in  the  presence  of  water, 
land  are  placed  by  one  another  and  even  converge  (fig.  7,  curve  3). 


Influence  of  Soda  and  Chalk  On  Di.eintegration  of  nitroglycerine  in  the  Presence  of 
I  Water. 

I 

< 

I  Neutralisation  of  acid  products  of  disintegration  of  Kr  bf  naans  of  soda  was 
produced  by  two  nethods:  introduction  of  slight  quantities  of  it  in  a  reaction 
vessel^  or  soldering  an  ampoule  to  the  latter,  containing  a  significant  quantity 
of  The  advantage  of  the  first  method  included  the  fact  that  due  to  the 

close  contact  of  NG  with  soda,  fast  neutralisation  of  the  acids  formed  occurred. 


1.  Soda  was  introduced  in  a  reaction  vessel  in  the  form  of  an  aqueous  solution  of 
determined  concentration,  from  which  water  was  reeurred'by  evacuation  at  room  tem¬ 
perature. 


Fig.  8.  Liflu«ice  of  slight  q^antitiss  of  socle  on  dscosiposition  of 

Anh/drous  NG  st  100^.  1}  IX>K).068^  by  wei^t  I  »  0.0318; 

2)  NG  nsutrsl,  I  *  0.0329.  a)  p  nrni  Hr;  b)finin. 

To  ths  shortcosdngs  of  this  asthod  one  should  relate  the  possibility  of  saponxfy- 
ing  action  of  soda  on  nitroglycerine*  Only  volatilu  acids  can  be  neutralized  by 
th^  »  .uid  uethod  and,  in  addition,  their  speed  of  entrance  into  the  ampoule 
with  soda  is  Halted  by  diffusion  through  a  layer  of  water  vapors  in  the  connect¬ 
ing  tube. 

Before  conducting  decoaposition  of  NG  at  the  Joint  presence  of  water  and 
soda  an  ea^wriaent  was  set  up  with  anhydrous  NG  with  a  small  quantity  of  aoda  in¬ 
troduced  into  it.  Fig.  8  shows  that  soda,  at  least  in  small  quantities,  does  not 
have  noticeable  influence  on  disintegration  of  anhydrous  NG. 

Othexwise  there  is  the  siatter  in  the  case  of  wet  NG.  The  presence  of  soda 
significantly  increases  the  tioe  to  the  beginning  of  fall  of  pressure.  Thus,  in 
the  presence  of  0,OWi  by  weight  Na2C0j|  (fig*  9,  curve  4)  the  duration  of  the 
induction  period  was  approximately  120  minutes,  at  the  tiioe  wh«i  in  the  case  of 


i  neutral  MB  with  »uch  an  initial  preeaure  of  watar  vapors  tha  fall  of  praaaura 

I 

b^an  after  40  nin.  Baaidns,  in  tha  praaanea  of  soda  tha  pr^sura  for  tha  dura- 
I  tion  of  the  induction  period  does  not  rin1n  constant,  l»t  scamdsat  incraaaaa 
:  (on  5-7  BBi  Hg).  MLnina  pressure  is  increased  s^swahat  and/rc^tive  lowariag 


correspondingly  decreases  (0.62  instead  of  0.71) • 


Fig.  9.  Influence  of  small  quantities  of  soda  (»i  decoaqfosition  of 
MB  in  the  presence  of  water  at  100^.  1)  MB  neutral,  ^H^O  »  293 
pm  Hg,d-  0.0367;  2)  mM,053%  by  weight  Ma2C03,  fH^O  -  311  ma  Hg, 
i  =  0.0316;  3)  MS  neutral,  flLO  »  230  am  Ite,  d*  *  0.0339;  4)  MH 
0.044Jf  by  weight  .1^2003,  ^H20  =  236  mm  Hg,  0.0377.  a)  p  nm  Hg;  b)fmin. 


Fig.  10.  Reacticm  vessel  for  deccmposition  of  MB  in  the  presence 
of  large  quantities  of  soda  and  chjdk.  a)  b)  M02CO3 


Apparently,  the  fonaed  acid  is  neutralised  by  soda,  and  when  the  lattar 
reacts  cosqletely,  usually  enters  in  the  presence  of  water  a  fall  of  pressure 
and  its  subsequent  accelerated  increase.  The  lesser  soltibility  of  CO2  in  nitro¬ 
glycerine,  formed  at  neutralisation  of  soda,  as  compered  with  nitzlc  acid  should 
be  explained  by  a  certain  increase  of  pressiure  in  the  Induction  period  and  iacreas 
of  jPni-in*  Further  increase  occurs  somewhat  slower,  than  in  the  absmice  of  soda. 

An  even  longer  retardation  of  disintegration  of  MB  in  the  presence  of  water 


can  be  obtained,  if  one  wer^  to  ensure  neutralisation  of  acid  volatile  products 


of  disintegration.  For  that,  a  comparatively  large  quantity  of  soda  or  chalk 
(5-9  tines  nore  than  NG)  was  introduced  into  a  lateral  ampoule,  soldered  to  the 
reaction  vessel  (fig.  10).  Pressure  of  water  vapors  in  the  beginning  of  the 
experinent  ccnistituted  135  ani  Hg.  In  this  case  gas  formation  began  with  signi¬ 
ficant  speed^  (fig.  11»  curve  2),  tdiich  later  began  to  decrease  and  after  125 

its 

hours  was  lowered  to  /  ^3wn  constant  ▼•lue ,  near  in  magnitude  to  the  initial 

speed  of  gas  fonaation  of  anhydrous  NG,  The  increase  of  pressure  with  sudi  con- 

An 

stant  speed  in  the  future  was  continued  for  the  duration  of  30  days^./lmhydrous 
form  of  the  curve  was  observed  at  decomposition  of  anhydrous  NG  in  the 

pr;.3ence  of  a  large  quantity  of  soda  (curve  3),  but  the  initial  speed  of  gas 
formation  in  this  case  was  somewhat  more  higher.  On  a  section  of  constancy  its 
values  in  both  casco  were  near  in  magnitude  (cf,  curves  2  and  3  fig.  U). 

Both  at  disintegxmticm  of  anhydrous  NG,  and  also  in  the  presence  of  water 
was  not  observed  any  acceleration  of  gas  formation  in  sjdte  of  the  fact  that 
pressiure  tcward  the  end  of  tne  eaqjcrimait  exceeded  two  atmospheres. 

In  both  cases  the  gas  phase  dmring  the  entire  experiment  remained  colorless. 
Soda  in  the  movement  of  the  decomposition  took  on  a  brown  color,  probably  due  to 
polymerization  and  resinification  on  it  of  intemediate  products  of  disintegra¬ 
tion;  the  walls  of  the  reaction  vessel  were  coated  with  a  white  deposit. 

Acceleration  of  gas  formation  was  absent  however,  in  those  e^qjerlments  in 
which  soda  was  replaced  by  chalk  (fig.  11,  cxirve  4).  It  is  characteristic  that 
in  this  case  .a  scctioi  was  not  observed  with  great  initial  speed  of  gas  forma¬ 
tion:  decomposition  for  the  duration  20  days  went  with  constant  speed,  approximat« 

1.  Supposed  as  a  result  of  interaction  of  NG  vapors  with  soda  on  the  surface  of 
its  particles. 


2.  In  the  course  of  the  experiments  several  times  breaks  were  taken  (every  30  hours), 
marked  on  the  graph.  After  interruption,  the  pressure  always  was  several  milli¬ 
meters  less  than  before  it. 


Ij  •qttftl  to  tht  Initial  apaol  of  dialntacration  of  «ab|firoiia  n«utx«l  Kr. 


pm  H 

b)  ain. 


e)  iiit«mifti«B 


i. 


Fig.  11.  Daconpoaitiop  of  dij  aiid  mt  MQ  in  tho  tiroa«ic«  of  largo 
quantitioo  of  aoda  aadt  chalk  100^.  1)  Kr  withoi^  water  an!  aoda, 
^  =  0.0067;  2)  KKfl^OHtaoCCh ,  ^ILO  «  135  an  Hg,  6  -  0.0063;  3) 


^  =  0.0067;  2)  KKfl^OHta^CCh ,  ^H^O  «  135  aa  Hg,  6  -  0.0063;  3) 

NO  41102003,  ^  «  0.0074;  47  KMaC^,  rH20a  62  am  Hg,  6  *  0.0075. 

iuhTclrouo  NO  without  soda  0.0067)  (fig.  11>  curve  1)  in  tbooe  eonUtioas 


starts  to  decc^poM  rapidlj  alroadj  after  ^  130  hours,  and  in  the  presence  of- 


water  cansiderablj  earlier. 


t 

In  the  esqperiaents  eondticted  at  100^  aceeleraticn  of  gas  focaation  did  nojb 


occur,  only  under  the  condition  that  decomposition  went  with  not  a  vezy  large  ' 


speed  and  products  of  disintegration  succeeded  to  be  diffused  throu|^  a  layer’ 


of  liquid  and  gas  to  soda.  Conversely,  there  is  a  fall  of  pressure  and  its  subset 


quent  accelerated  increase  idiich  was  observed  at  deccoqpoeition  of  iC  in  the 
presence  of  water  at  120^  and  ^  *  O.OO5I  (fig.  12,  curve  2).  If  after  interfmp- 


tlon  at  the  stage  of  sharp  acceleration  of  increase  of  pressure  teeqperature  of 


the  experiment  is  lowered  to  100^,  then  strong  acceleration  of  gas  fomation 


does  not  occur  for  the  duration  of  the  subsequent  I30  hbuirs  of  heating  (fig.  12, 


curve  2  after*  interruption). 


Discuseion  of  R^ults. 


Results  of  experiausits  confim  and  make  certain  those  assumptions  tear 


checking  of  which  they  were  set  up. 


Introduction  of  nitric  acid  into  wet  NG  can  significantly  reduce  and 

’  .p'itJ  ' 


eliminate  the  induction  period.  In  the  case  of  anhydrous  nitroglyceriiie, ^the:  j'" 


a)  p  mn  Hg 

b)  t  sdn. 

c)  interruption 


Fig.  12.  Decompoeltion  of  !iG  in  the  presence  of  large  quantities  of 
soda  at  120®  and  100®.  1)  NO  without  soda,  P  H2O  =  505  asn  Hg,o  = 

0.0066  :  2)  !l(HfJa2C03,  f  H2O  =  466  am  Hg,  =  O.OO5I. 

influence  of  nitric  acid  is  expressed  much  more  weaker,  and  even  a  significant 

content  of  it  (0.35f  by  weight  in  reference  to  NG)  only  twice  reduces  the  time 

to  the  (Xiset  of  sharp  acceleration  of  disintegratiwi  of  nitro  ester. 

One  sho\Ud  note  that  small  quantities  of  nitric  acid,  even  in  the  presence 

of  water,  hardly  accelerate  disintegration.  This  refers  both  to  small,  and  also 

to  significant  contents  of  water. 

If  the  quantity  of  added  nitric  acid  exceeds  0,1^  by  weight  NG,  significant 
reduction  of  induction  period  is  observed.  On  subsequent  acceleration  of  gas 
formation  this  is  not  reflected,  since  to  the  moment  of  its  onset  as  a  result 
of  hydrolysis  will  be  formed  much  more  acid  and  an  additional  increase  of  its 
quantity  to  0,1^  is  relatively  very  little  and  cannot  noticeably  affect  develop¬ 
ment  of  the  process  of  decomposition  of  nitro  ester. 

Addition  of  1.5%  by  weight  nitric  acid  to  wet  NG  not  only  eliminate-,  the 
induction  period,  but  also  leads  to  significantly  faster  development  of  sub¬ 
sequent  gas  formation. 

Unfortunately,  accurate  quantitative  estimate  of  the  influence  of  actual 
concentration  of  nitric  acid  and  water  in  NG  in  reference  to  these  experiments 
is  hampered  by  several  causes.  First,  it  is  unknown,  how  at  the  Joint  presence 
in  the  reaction  vessel  of  water  and  nitric  acid  with  NG  they  are  distributed 


betwMQ  th«  fM  and  liquid  pliMM;  thic  diatrlbistion  ean  b«  all  tb«  aor«  no 
Mtential  that  tha  axyartwaBta  war*  conductad  at  ralatiTtly  wMill  S  and  hifh 
(100^)  tcaqparctura^  whan  tha  r^Lativa  eontanta  of  acid  and  watar  aapor*  in  tha 
gaa  phaaa  can  ba  alghlfieant*  Saeondlj,  tha  nathod  of  watar  doaafa  ia  aaadf 

} 

I  baaad  on  naaauruMnt  of  Yoluna  ita  vapora  at  ralatiraljr  low  rooai  tanpantura, 
could  ba  connaeted  with  notieaafala  inaecuraejr  dua  to  adaorption  of  vhna  on  ^a 
walla  of  tha  aaaauring  ball.  Third,  aolubility  of  watar  in  1C,  eontalaiac  thoaa 
or  other  additionally  introduced  aubatancaa  (for  wnnpla,  trichloroacetic  acid, 
soda),  can  be  diatinguiahad  from  ita  aolubility  in  pure  nitro  eater. 

Nora  reliable  are  the  qpiantitiaa  of  nitric  acid  introduced  into  NC  and 
equilibriiaa  total  praaaura  of  watar  and  acid  vapora,  aaaaurad  at  the  tauqparatura 
of  the  erperinent.  In  exactly  tha  aana  way  the  baaic  fixed  ragularitiea  of  d»- 
cdspoaition  of  wet  MG  in  the  praaanea  of  HMOf  do  not  aaoka  dotdbta:  radoction 
of  duration  of  induction  period,  aignificant  anount  nacaaaary  for  that  conean* 
tration  of  HNOj  and  analler  aanaitivity  of  the  pmdod  of  acceleration  to  it. 

i 

Experisienta  with  trichloroacetic  acid  confixw  l^t  the  prinary  factor  of 

\ 

I  the  Influence  of  acida,  including  nitric,  on  the  deconpoaition  of  wat  MG  ia 

I 

i  their  accelerating  action  on  hylrolyaie,  and  not  the  oaddlaing  function  and 
that  thia  laat  action  beccnaa  atrcng  only  at  aignificant  contcnta  of  nitric 

'  acid  in  NC. 

Thia  ia  confirmed  alao  by  experiaanta  with  oxalic  acid.  Ita  mmU  oontanta 
in  NC  (up  to  ^0.2$  by  weight)  extenda  the  induction  period,  ainea  aecalaration 
of  hydrolysia  with  theae  quantltiaa  of  H2C2O4  ia  amall,  but  inhibition  of  the 
fomation  of  nitric  acid  aa  a  reault  of  reduction  of  higher  ooddea  of  nitrogen 
ia  great.  At  large  (0.7  -  1.6^)  contenta  of  oxalic  acid,  acid  action  pradcadn- 
atea  and  relatively  faat  reduction  of  nitric  acid  and  partial  tranaltion  of  it 
due  to  thia  in  oxides  of  nitrogan  laada  to  the  more  early  develojaent  of  gaa> 
forming  oxidising- reduction  reactions,  which  Mr*  net ‘separated  in  thia  cast  froai 


hydroX^is  a  certain  interval  of  time. 

Still  more  convincing  for  confirmation  of  the  main  conclusion  -  about  the 
decisive  role  of  hydrolysis  as  the  "release"  mechanism  for  the  development  of 
transformation  of  NG  are  the  results  of  ejqwriments  with  soda  and  especially 
with  chalk.  They  shew,  first  that  a  necessary  condition  for  the  beginning  of 
the  fall  of  pressure  of  water  vapors  and  subsequent  acceleration  of  gas  forma¬ 
tion  is  the  accumulation  of  acids,  and  secondly,  that  these  acids  are  volatile. 
Speed  of  hydrolysis  in  the  absence  of  acid  is  low.  Therefore  hydrolysis  then 
starts  to  play  its  decisive  role,  when  will  be  formed  sufficient  concentration 
of  acid.  Quantity  of  the  latter  has  to  correspond  to  the  quantity  of  water  in 
NG  if  there  is  little  water,  then  a  sufficiently  small  quantity  of  acid,  so  that 
its  concentration,  and  caisequently,  the  magnitude  of  constant  of  speed  of  cata¬ 
lyzed  hydrolysis  is  great.  Since,  the  speed  of  hydrolysis  is  proportional  to 
the  product  of  the  censtant  and  the  concentration  of  water,  then  the  influence 
of  acid  on  the  constant  of  speed  can  predeminate  above  the  influence  of  the 
concentration  of  water,  and  on  the  whole  process  of  hydrolysis  (but  not  gas 
formation)  will  be  developed  faster,  than  in  the  presence  of  large  qxoantities 
of  water. 

If  there  is  much  water,  then  it  is  required  to  add  more  acid  and  by  this 
to  create  a  condition  for  fast  development  of  hydrolysis.  In  this  case  also, 
the  subsequent  acceleration  of  the  process  of  disintegration  of  NG  goes  faster, 
since  will  be  formed*  more  acid  as  a  result  of  "transformation"  of  water  into 
it,  and  besides,  acid  is  added  to  it,  introduced  into  nitro  ester  In  the  begin- 
ing  of  the  experiment. 

Thus,  the  moat  dangerous  under  the  conditions  of  long  stay  at  increased 
(10(f)  temperatures^  is  slightly  moistened  NG,  if  it  is  insufficiently  thoroughly 

1.  At  lower  (60*^)  temperatures,  as  show  the  experiments  of  Goroxinov  and  Svetlov, 
the  stage  of  acceleration  of  disintegration  of  NG  is  attained  the  faster,  the 
more  water  dissolved  in  the  nitro  esters. 


washed  frm  acid.  Greatly  aolsteiisd  sad  espeeially  eostaialaf  liqpid-4rop 

i 

water  product  is  less  dsageroits.  Less  dsn^rous  would  be  also  an  sbsoliitely 
I  sahyircus  product,  but  in  such  a  state  nitroflyeerlne  is  practically  not  realb 

I 

I  inasBuch  as  even  very  nil  concentrations  of  water  in  NG,  correspondinc  of  its 
;  partial  pressure  in  the  suirounding  atSKMphere  of  8  >  15  m  Kg  are  effective. 
Presence  in  nitro  esters  of  isquilties,  not  ppesMsing  consider^ly  expressed 
alkalinity,  but  a^e  to  neutralise  acid  (for  exanido,  chalk),  prevent  the 
developiwnt  of  hydrolysis  and  subseq^t  acceleration  of  decoiqpoeltion  of 
nltr(^;lycerlne. 

f 

COICliJSIOMS 

1«  Nitric  acid  in  saall  concentratioM  slii^tly  accelerates  decoaqpoeitlon 
of  nitroglycerine  in  the  presence  of  water.  Increase  of  concentration  of  acid 
to  ten  fractions  of  a  percent  leads  to  fast  development  of  hydrolysis  of  NG}  at 
even  larger  increase  of  quantity  of  acid  the  developsent  after  hydrolysis  of 
oxidizing-reducticn  reactions  is  alsp  accelerated. 

2.  Hydrolysis  of  NG  is  accelerated  also  trichloroacetic  and  oxalic  acids. 

} 

In  the  last  case  hcwwer,  at  small  concentrations  of  acid,  hydrolysis  lags  due 
to  the  reduction  acticxi  of  H2C2O4  on  the  products  of  "anhydrous"  disintegration, 
i  3.  Substances,  neutralizing  acids  (soda,  chalk),  prevent  (at  disintegra¬ 
tion  of  NG  in  the  presence  of  water)  fast  development  of  hydrolysis  and  subseq;u- 
ent  acceleration  of  gas  formation  as  a  result  of  the  coddizing-reduction 
reactions  between  the  products  of  hydrolysis. 
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U.«  On  ;th«5  Thernia]-  Decog^^sitloh  6f,  ^liti^rl^cerlfteciii  the  liiquidrPhaae; 

%]ui  I7  of  the  them^l  aec<^, position  polyi^tiro  esters^  thep^ 

etical  ahcl  oractlcal  interest.  Hpvrever  the'  e;^la«ation  6f  the^rM^  their 

'ii^ihthf?ratt6n  is  atrpnpiy  hampered  ty  Itsix^  As  isrshom  by  ih^ettl/a^ 

tion  tt*^  lec^positibn  eyen  of  alkylnobonitnites  in  the  gaseous-  phase  is 

a  conplex  of  parallel  ajrii  sequential  ^reactions.  '  Pecompositiph  of  polynitrates ,, 
''-tulle:!  in  less  detail i  especiailjr  ih' the:  liquid  phase,  wider  conditions  leadthg 
to  Shan?  self-accelefatipn ,  repMsehti  an  unclpubiedl^^  a  still  ripre  coirplidated 
prpeess  * 

in  this  work  Is 

tion  of  theririal  decpappsltion  in  iM  o^"  one  of  the  r-:6st  iitportajfit  nitrp 

esterSrnitrbglyfccrihe  (KG)  and,  in  particular,  its  self -accelerated  lisintepratipn. 

^  1.  ' 

Study  of  the  decMaposition  of  !>{&  >ms' conducted  by  the  iKinOTctric  methp;!  ivtth 
applicstioh  .6f  a  glass  mr.pmeter.pf  type,  of  Bourloh  *  ^atio  of  the  voluine 
of  nitro-  ester  to  that  of  the  reaction  yessel,  designated  hereaft.er  as  I  ,  con'** 

"V, 

5t,itut»‘di’o"' to  lo""^. 

Decpnpositibh  o^  nitroglycorihe.' represents .  at  leasts  a  two-phase  process 
f  kj.  This  can  be  seen  especially  clearly;  in  examiniiig  the  dependence  of  the 
speed  of  gas  fbrraatlon  from  pressure  in  logarithmic  ePbrdinates  ("Figi  I ),  where 
the  course  of  disintegration  is  described  by  two*  straight  lines,  proceeding  uaier 
various  angles.  Each  of  these  two  macroscopic  stages  of  decompositibn  possesses 
its  own  characteristic  features. 

On  first  stage  no  silaip  self-acceleration  Is  observed  even  during  the  accum¬ 
ulation  of  sighif leapt  quantities  of  gasiform  products.  Hence  it  was  at  this 


desc|;ibed  pa?.S.Cl  :in  interyal  c'f  teinperatures  f'O. 


invePtina- 


tisji  conductod^  despite  gener&ll7*held  eerHer  pMsehtationsj,  that  j^sifom; 

f  '  .  '  '  -  '  '  .  ^  t 

(  ducts  in  these  eolations  do  not  displax  a  catalytic  action  pn  the^hermi  diaiii«>|l 


tegration  of  idtTOg]^ertne=^l_7. 

Disintegration  of  idtroglycerine  in  first  stage  can  ber:cha7act'e^ted;  by  the 
mean  magzdtude  of  the  initial  speed  of  gas  fonnation,  calculated^  for  the;  intw^l 
of  p^ssiure  of  products  of  disi^e^tioh  from  its  beginning  to  40^  n 
Such  a  caiculatipn  is  not  fully  accurate,  since  In,  certain  eases  in  the  iixitiil 
section  of  the  first  stage  there  occurs  a  sia^l  gro^h  in  speedy  clearly  delreioped 
at  higher  toiqperatures  and  significant  degrees  of  filling  of  the  rMctidn  ressel* 
Gas  formation  with  this  can  be  accelerated  in  the  indicate  internal  of  r^ 
speed  by  1.5-?  times. 

The  value  of  I  shows  sighifievit  influence  on  the  initial  speed  of^|§S-  f orM- ' 
tloh.  In  all  studied  interviils  of  tenperatures  (140^*0 )..i^  upM  bi.gas' 

formation  falls  with  an  increase  in  I . 


•4 


Fig^  1.  Influence  of  pressure  of  gasiform  prodi^fa  of  dMcaipositi^ 
of  nitroglycerine,  on  its  disintimtion  at  different- te^ratu:i^^^ 
i  «  6.03.  1— logAp/A  o^/ismii^J;  2-rIpg  p  l^m 
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ir  if 

?re-c:afi)nerifcia]i  muliiplier  B  in  Arrer^us  ’  equation  corresponds  to  10  '  ^  and 

3;CP-5»  A  1*01!  small  and  larpe  S  i  2*espe;ctiveiy;i. 

The  first  of  the  values  obtained  for  B  and  B.  are  hear  to  those  calcula,ted 
accbr*iihr  to  the  data  of  Jiobertsdn.  From  the  speecl  of  :splittin{'*i^ff  of  nitro|ren 
li^inp  the  decomposition  of  hitroplycerine  In  a  st^e^  of  carbon  dio^de  yas  £ IQ^Ji 
Calculation  according  to  Rpbe:rts6n  :gives  E  =  43.7  kcal/^l  and  B  =  sec”^! 

’Magnitude  of  E,  obtained  for  large  i  is  hear  to  the  energy  of  breakav^y  of  NO2 
during  the  disintegration  of  al»^lrttonpnitrat;es :  395  kcal/mol  for  methylnitrate^ 
and  ^/!.1,,2  kcal/p)i,  for  .ethylhitrate 

In  connection  vdthr  this  one:  ahould- note  that  the  decomposition' ot  hitrogly-r 
cerine  is  characterized  in  the  first  stage  by  presence' of  nitrogen  peroxide  in  the 

gasiform  products  of  disintegratiph  vdiich  can  ^be  judged  by  the  change  of  color  of 

gaaeou«\  / 

the  /  phase  Cbroaning),  noticeable- to  the  eye,  and  also  by  special  colorimetric 

the/ 

ex|jeriment3 ,  the  results  of  which  showed  that  the  fraction  of  NO2  ih/gases  reaches 

40-^0  t  pA  j. 

f. 

The  second  stage  of  decPmpos'ition  of  nitroglycerine,  the  stage  of  sharp 
acceleration  of  gas  formatipn,  sets  in  only  under  the  condition,  that  the.  pressure 
of  the  formed  gases  attains  a  definite  critical  value,  which  iii  a  siffnificant 
interval  pf  i  '■(10'"3:^10"^)  is  a  magnitude  approximately  constant  for  a  given  temperr 
aturp  and,  consequently,  does  not  depend  on  the  degree  pf  decomposition, 

Flow  of  decomposition  abruptly  changes  during  transition  to  the  second  stage.,. 

If  in:  the  first  stage  (in  the  section  of  the  induction  period)  the  speed  of  gas 
formatiPn  increased  only  by  2 — 3  times  and  t^s  proportiohaX  to  preslsure  in  a  degree 
significantly  less  than  unity,  then  in  the  second  stage  it  becomes  proportional 
approximately  to  the  square  of  the  pressure  of  the  gasiform  products  of  decompos¬ 
ition  (Fig.  1)  and  can  exceed  the  initial  speed  by  a  hundred  times.  An  analogpus 
picture  of  disintegration  vts-s  obtained  for  nitroglycol,  and  also,  aceprding  to  the 


itr 
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Fig.  2,  Lifluence  of  degree^  of  fillip  of  renotion  -vossel  oh  tha  IMtial 
speed  of  gas  fora^tion  ;diurir^  the  di's&tegratidn  of  nitroglycerine.  W  I.  - 

W(i*io~3=) 

-ratio  of  initi^  speed  at  given  l  td  its  value  at  I  *  lCh3. 

In  fig,  2  is  represented  the  dependence  of  initial  speed  of  gas  formation  on 
the  magnitude  of  I .  For  consideration  of  this  dapandanoe  at  different  teo^ratures 
there  are  given  not  absolute  values  of  speed,  but  the  ratio  of  initial  epeads -*at 
corresponding  values  of  S to  initial  speed  at!  *  ICT^.  Ad  can  be  seen  from  the;  '  ■ 
graph,  the  influence  of  I  on  initial  speed  of  gas  fonnatioh  is  developed  more' 
abruptly  with  growth  in  temperature ,  In  the  region,  of  small  initial  speod.:  strong¬ 
er'  depends  more  strongly  on  the  degree  of  filling  of  the  vessel  than  in  region  of 
high,|  and  at  •  3 •10“^  it  practically  no  ;lor^er  changes. 

It  is  necessary  to  .note  in  connection  with  this  that  the  .lowering  of  ini^i*i 
speed  with  growth  of  #  is  a  general  regularity  for  the  disintegration,  of  .many  sttJd- 

ied  liquid  nitro  esters ;  for  melting  pentaeryithritetetranitrate  according  to  th'f '  • 

.*  * 

data  of  B.  I.  Kaydyaov,  a^  also  for  nitrdglycol,  diglypoldi^nitrate  and  dinitrates  . 
of  glycerine  by  our  data.  At  the  same  time  B.  S,  Samsonov  /"2_7,  establlfh^ 

that  the  degree  of  filling  of  the  vessel  does  not  affect  the  initial  ap%pd  of  .'i^e  •  .. 
formation  during  the  disintegration  of  nitrocellulose * 

The  explanation  of  this  phenomsnon  is  hanpsred  by  the  absence  of  data  on  the  ^ 
details  of  the  mechanism  of  nitro  ester  decoa^sositipn.  However,  it  ii  poselblp  tp, 
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c'>n‘:l'ier  that  the  causes  sti  filiating  the  influence,  of  iJhe  initial,  spsei  of 
=ras  fOrriUition-  lie  not  so  much  in  the  solubility  of  gases  or  in  the  high  speed  of 
'’isintegration  of  nitro  esters  in  the  gaseous  phase  £ 'yj,  as  in  the  flow  of  second¬ 
ary/-  processes  of  oxidation  of  organic,  substances  by  nititogen  pero^de,  the  speed 
of  v/hich  is  connected  with  the  degree  of  disintegration,  possibly  in  combination 
i-dth.  the  reversibility  of  the  reaction  of  primary  oreakaway  of  ^}0^  from  the  molecule 
of  the  nitro  ester. 

In  view  of  the  significant  and  quantitatively  different  influence  of  h  On 
the  magnitude  of  the  initial  spes;  at  various  temperatures,  evaluation  of  the 
.'teiaperati^e  dependence  of  the  speed  of  gas  formation  was  done  somewha.t  formally j 
it  was  determined  separate jy  fOr  *  *=10“3j  i.  e,  ,  for  that  degree  of  filling  of 

the  reaction  vessel,  in  v/nose  region  it  strongly  affects  initial  speed,  and  for 

2 

'4  «10  ,  at  ;^ich  the  initial  speed  of  gas  foiination  becomes  practically  constant. 


Fig.  3.  Influence  of  temperature  on  initial  speed  of  gas  formation 
during  disintegration, of  .nitroglycerine.  1- |*(10  to  30)*10”^; 

2- I  *=(300  tq-/|.50)*10*’^,  1)  Initial  speed  of  gas  formation;  2)  Tem¬ 

perature,  10^/T*K;  3)  log  Ca  V/a  r  )  ./"n  cm3/g*min_y 

In  both  cases  the  dependence  of  speed  of  gas  formation  on  t^perature  is  sub¬ 
ordinated  to  the  equation  of  Arrenius.  Activation  energy  S,  calculated  iy  the 
21/ 

bangoht/angle  of  inclination  of  the  line  in  coordinates  log  (  ap/a  r  )  init.-Cl/T), 
for  small  i  constitutes  A3Vu  kcal/mol  and  for  large  8  ,  39*3  kcal/mol  (Fig,  3)* 


data  pi  B.  ,1.  J^ydv^.Y,,  for  solutions,  of  pentaprythrit* 


tetranitrato  ih 


1 


at  120®. 

The  magnitude  of  the  critical  pressure  depends  on  t«!5)erature,  ^creasing 
with  an  increase  in  the  Thus  at  BO®  (  i  =S~60*iQ^^)  it  constitutes  60-  t 

»  •  Ji 

SO  ram  Hgj  at  100^  (  i  «1. 5-60 *10^3)  180-210  oth  Hg  and  at  120®  (  ■:»'-3^»lCr3) 

* 

I  /, 00-500  mm  Hg.  ^perinents  at  140®  with  |  *15*10~3  and  29*  10”^  gave  1000  wd’  ’ 
EOO  nin  Hg,  respectively;  at  a  smaller  degree  of  filling  of  the  reaction  vessel, 
the  decomposition  of  nitrbg^cerine  at  this  teisperature  did  not  pass  into  the 
second  stage,  in  spite  of  the  fact  that,  the  pressure  of  the  gasiform' products 
attained  3500ram  Hg. during  disintegration. 

1 

I 

I  The  presence  of  critical  pressure,  not  depending -directly  on  the,  degree  of  .  . 

1  disintegration,  and  also  the  original,  character  of  the  decwnpositipn  of  nitrogly-  . 
cerine  in  the  second  stages  are  connected,  apparently,,  with  reactions,  in  which  .  . 
there  is  participation  of  gasiform  products  dissolved  in  the  condensed  phase,  | ' 

It  is  possible  to  allow  that  the  decomposition  of  nitroglycerine  in  the  liquid 

\  phase  proceeds  in  two  ways.  To  the  first  way  corres^nd  reactions  which  are  hot  '• 


accelerated  by  the  gasiform  products  of  disintegration.  The  speed,  of  this  process 
does  not  gro’-r  with  pressure.  The  alternate  way  is  the  disintegration  of  nitro¬ 
glycerine  during  its  interaction  with  products  of  deconqjositionj  the  speed  of  this 
process  is  proportional  to  the  square  of  the  pressure  of  gaseous  products  of 
disintegration,.  It  is  natural  to  assume  that  the  initial  speed  of  gas  f6:|:^tion 

i 

characteriees  flow  of  disintegration  by  the  first  vsy,  and  that  the  acceleration 

♦ 

observed  in  experimenisi  is  the  result  of  the  development  of  disintegration  reactions 
of  nitroglycerine  by  the  alternate  path.  Hence  for  the  initial  stage,  when  the- 
decrease  in  the  concentration  of  parent  substances  can  be  neglected,  the  total 
speed  of  gas  formation  is  df  w4kp*,  ^ere  w-speed  of  the  process  not  accelerated 
by  pressure,  i,  e.jthe  initial  speed  of  gas  formation,  p-pressurt  of  gasifcm 


nrodu^'ts,  and  k-pro^rtionaiity/.  If  shown  considisrat ions  are  correct  then  curves 
in  logaritl'jnic  coordinates  must  be  expressed  by  straight  lines  with 
tanronts  of  the  angle  of  inclination  of  nearly  t\m.  Processing  of  results  of  ex¬ 
periments  shovm  in  Fig.  i,  indeed  shows  that  in  these  coordinates  a  straight  line 

pj 

i.s  obtaineil  if  for  w/  take  a  value,  close  to  the  initial  speed  of  gas  formation. 
(Fig.  /t.,  line  1).  For  grapliic  comparison,  the  curve  of  dependence  of  speed,  of 
total  gas  generation  on  presstire  for  experiments  at  100°  is  given  (curve  2). 
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Fig.  U,  Influence  of  pressure  of  gasiform  products  of  decomposition 
of  nitroglycerine  on  the  iiicrease  of  speed  of  gas  formation  above  its 
initial  value  at  different  -temperatures.  1-at  60,  100  and  120° j  2- 
j^iuence  of  pressure  on  general  speed  of  gas  formation  at  100°  j  3-log 
cm%smih_7j  4Tlog  p  /“mm  Hg_7* 

that  the  beginning 

Proceeding  from  the  presented,  /“inaterial_yj  it  follovre  to  assume/of  the 

to/ 

second  stage*  Oi  disintegration  is  conditional  and  correspohds/that  moment,  when  the 

f 

concentration  La  the  liquid  phase  of  products  of  disintegration  which  accelerate 
the  reaction  becr^iaes,  tsignif icant  and  the  speed  of  their  interaction  with  the  parent 
substance  starts  to  predoi^nate  over  the  speed  of  reactions  \^hose  course  is  not 
accelerated  by  the  ducts  of  disintegration. 

In  favor  of  the  assumption  of  the  leading  role  of  gaseous  products  of  dis- 


Jjrf 
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I  integration  during  the  self-accelerated  decoB5>68itioh  of  nitroglycerine,  there 

‘  I 

are  o^eriments  >dth  pure  nitroglycerine  in  the  presence  of  gasiform ,pr^ucts 
obtained  in  other  eacperiments  during  the  decon^osition  of  this  nitro  ester  at 
the  stage  of  sharp  acceleration.  With  addition  of  these  products  the  speed;  from 
the  very  beginning  of  the  esq^rl^nt  exceeds  by  tens  and  hundreds  of  tims  the 
initial  speed  of  gas  formation,  during  disintegration  of  pure  nitroglycerine. 

V/ith  this,  the  greater  the  addition  of  products,  the  higher  is  the  speed  of  dis¬ 
integration. 

The  process  of  the  decomposition  of  nitroglycerine  in  the  second  stage  apr 
pears,  evidently,  principally  as  the  hydrolysis  of  the  nitro  ester  with  the  for-  ’ 
mat  ion  of  acid  in  conjunction  with  oxidation  reactions^  generating,  wat  or. 

The  established  influence  of  temperature  oh  magnitude  of  critical  pressure 
can  be  conditioned  bn  the  one  har4  by  a  change  of  solubility  of  gases  with  tem¬ 
perature  and  on  other  by  the  fact  that  the  speed  of  the  reaction  which,  is  not 
accelerated  by  products  of  disintegration  (primary  reaction)  grows  faster  with 

temperature  than  that  of  reactions  which  depend  on.  pressure.  As  a  result  of 

\ 

this,  in  order  for  the  speed  of  reactions,  which  depend  on. ’.pressure  to  exceed 
noticeably  the  speed  of  the  reaction  which  does  not  depend  on  it,  at  higher  tem¬ 
peratures  a  large  concentration  of  gasiform  products  of  disintegration  in  liquid 
phase  is  necessary. 

The  second  stage  of  decomposition  of  nitroglycerine  ie  chu^cterised  by 
an  extremely  weak  influence  of  ten^erature  on  the  speed  of  gas  formation.  As 
can  be  seen  from  the  graph  (Fig,  l)  at  pressures  above  the  critical, i^he^Slictibn 


1 


of  -iliarp  acceleration,  the  points  of  lepchience  '  /  at  TO,  100  ani  Q'-'O'' 

lie  on  practicalljTvOne  line,  i.  e.  ,  the  speed  of  pas  formation  depends  only  on 
the  pressure  of  the  products  of  decomposition  and  hot  on  temperature.  The  depen- 
Icnce  characterizinf.  the  course  of  reactions  of  disintepration  of  nitroglycerine  by 
the  secoh’i  Tvath  at  these  same  temperatures  (Fig,  Jf)  also  constitutes  a  single  line. 
The  absence  of  an  influence  of  teap^tature  on  the  speed  of  gas  formation  during  the 
disintegration  of  nitroglycerine,  conditioned  by  the  interaction  of  products  of 
ester  decomposition,  may  be  connected  with  the  fact  that  with  an  increase  in  tem- 
oerature,  the  increase  in  the  speed  of  the  reaction  is  compensated  by  a  decrease 
in  the  epneehtratibn  of  reacting  substances  due  to  the  lowering  of  solubility  of 
gasiform  products  in  nitroglycerine.  Therefore,  in  the  given  case  the  temperciture 
•lepondence  of  speed  of  process  should  be  estimated  vdth  the  influence  of  tempera¬ 
ture  on  the  solubility  of  products  of  disintegration  in  condensed  phase  taken  into 
recount.  If  one  were  to  begin  from  the  assumption  of  compensation  of  increase  of 
di'- integration  rate  ’.dth  temperature  by  a  decrease  in  the  solubility  of  gases, 
then  it  is  possible  to  consider  that  the  activation  energy  of  the  reaction  of 
decomposition  of  nitroglycerine  with  participation  of  gasiform  products  \dll  be 
near  to  their  heat  of  dissolution  in  this  nitro  ester.  Thus,  since  the  heat  of 
dissolution  of  gases,  in  liquids  is  as  a  rule,  small  as  compared  with  the  activation 
energy  of  the  primary  reaction  of  disintegration  of  nitroglycerine  (W  kcai/inol)j 
the  activation  energy  of  leading  reactions  on  second  stage  is  also  small. 

This  circumstance,  important  for  evaluating  the  stability  of  nitro  esters, 
should  be  considered  in  studying  the  behavior  of  these  substances  during  storage 
and  processing.  In  real  oonclitions,  v/heh  the  rem.oval  of  products. of  disintegration 
from  the  mass  of  the  substance  is  hampered  (largo  volume  and  low  temperature), 
the  decomposition  of  a  nitro  ester  is  determined  basically  by  its  interaction  with 

t 

these  products t  this  interaction  possesses  a  sharply  self-accelerated  •'haracter  and 

Ado 


Ismail  temperature  coefficient  of  speed*  Therefore  a  characterietic  of  the  dis¬ 
integration  of  nitroglycerine,  deteraining  its  stability  during  storage  and  pro- 

I:  ■  -  - 

[cessing,  is  the  mgnitude  teaperature  dependence  of  the  induction  period, 

1  ■  , 

[during  which  the  conditions  of  development  of  subsequent  reactions  are  fonnedf. 


Conclusions 

1.  Thermal  disintegration  of  nitroglycerine  in  liquid  phase  during  SO-^IAO® 
in  presence  of  products  of  decoopositioh  was  investigated. 

2.  The  presence  during  the  disintegration  of  nitroglycerine  of  two  macro¬ 
scopic  stages,  idipse  course  depends  only  on  the  contents  of  producvts  of  disinte¬ 
gration,  but  not  on  its  depth,  was  established. 

3.  On  first  stage  of  decomposition  gasiform  products  of  disintegration  show 
practically  no  accelerating  effect  on  the  speed  of  gas  fonnation.  “hie  initial 
speed  of  the  latter  depends  on  the  degree  of  filling  of  the  reaction  vessel  and  is 
characterized  by  the  normal  teoperature  coefficient  of  this  speed  for  nitro  esters. 

k.  In  the  second  stage  of  deconposition  the  speed  of  gas.  formation  depends  on 
the  pressure  of  gasiform  products  of  disintegration  approximately  to/the  second 
degree  and  can  exceed  the  initial  speed  ’by  at  least  a  hundred  times. 

5.  The  results  obtained  are  considered  in  the  light  of  the  assurption  of 
'  a  simultaneous  flow  of  two  processes  of  decomposition  of  nitroglycerine.  The  first 
of  them  represents  spontaneous  decomppsition,  not  accelerated  by  gasiform  products 
of  disintegration.  During  the  second  process  there  occurs  interaction  of  nitro¬ 
glycerine-  with  products  of  its  disintegration,  as  was  assumed  by  S.  Z.  Roginskiy 
spe«i  depending  on  contents  of  theee  products. 

■1 
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y.  y.-  Gorvunov  and  B,  S.  Svatlov 


^aro^  dla^^graticn:  of  zdtroglycarlJMi  az;4  othar  nitrb  atW  la 
phasard.il  inifastigatad  i^ieal^  at  a  ecRptfa^yaljr^hiC^  tanparatuira^  Iwt  also 
ralativaljr  maall  <tBcraa  of  fUlihg  of  aapula  in  tha  oaaa  of  j^ppilea^on  ^ 
nanona^c  oathod  CHr  Chi*  Tha  rasults  obtain^  with 

intarasting  fron  tha  point  of  viaw  of  staining  ^a^  aadbahlaB  of  dacoipoeition> 
cannot  ba«  howavar»  diriKtIrJ  Tor  daaqriptian  of  ba^Vior  of  ni^  attars 
undar  tha  cohditidns  s^t  intarasting  froa  tha  point  of  viaw  of  praetiea,  !•  a. 
during  low  taoparati^  and  miiiaia  concantration  of  producfts  of  dialntagratipn 
in  substanca* 

In  ordar  to  raproduca  tha  indleatad  bonditions  of  disini^graticnj^  wa  apfidlad 
tha  oathod  dascribad  aarliar  ab<lif7lng  it-  for  warlwiai  filling  of  praliia^ 

inarily  avacuatad  aapula  and  glass  nononatar  uniiad  with  ,it>  with  Hf^d  nitro 
eater.  ’  A 


Fig.  1.  Piagt‘aa  of  instruMnt  for  studgr  of  tharml  daeoapositidh  of 
liquid  nitro  aster  during  Mudaaw  filling  of  aapula. 

1)  nanomatar  with  pointer «  2)  intake  3)  vaaaal  fw  avaoiatian  of  hliro 
astar  during  praparation  of  axpariaant,  4)  raaetidn^vaiaal,  5^)  drains 
for  ccnnacting  Instruaant  .i^th  vacuum  installatlqnji  7)  branch  for  ant- 
ranca  of  nitao  aster.  ^  ^ 


Tc.-  I 


For  prepar&tlph  arid  effectuation  of  such  -experijiients^  we  used  the  instrrinjent, 
depicted  in  fig,  1,  Glass  manoineter  1  with  the  thin  intake  2  united  with  vessel 
3,  |ure  intended  for  preliminary-  evacuation  of  nitro  ester  in  a  thin  layer.  The 
experiment  was  prepared  in  the  following  manner.  At  first  we  measured  ths  inter¬ 
nal’  Voiume>  of  reaction  vessel  k  and  glass  inanosneter  to  the  place  of  subsequent 
resoldering  of  intake  2,  by  means  of  weighing  the.  instrument  with  water.  After 
detenainihg  the;  volume  the  instrument  was  Joined  to  the  vacuum  installation  with 
the  help  of  connecting  rubber  tubesi  put  on  crimped  branches  5  and  6  of  the  glass 
mahometef  and  vessel.  Through  branch  7  in  vessel  3  =we  placed  the  exact  weighed 
amount  of  nitfo  ester  (nearly  1  g),  after’  which  this  branch  was  soldered.  Nitro 

ester^  in  a  thin  l^er,  was  pumped  not  less  than  6  hours  at  a  pressure  of  10“^ — 

.  -5 

10  am  of  iwrcury  to  full  removal  of  volatile  Impurities,  which  was  judged  by 
the  absence  of  pressure  increase  in  the.  instrument  after  disconnecting  the  pumps. 
Then  nitro  est«r  was  transfused  into  the  internal  cavity  of  the  glass  numometer. 
Surplus  of  nitroesterjunder  light  heating  by  a  stream  of  water  vapor,  was  driven 
from-  intake  back  into  vessel  3«  The  intake,  after  being  completely  purified  of 
traces  of  nitroglycerine,  was  .qxiickly  resoldered  and  the  instrument  disconnected 
frpB  the  vacuum  installation,.  The  quantity  .of  nitro  ester  in  the  instrument  was 
judged  by  the  difference  between  the  initial  weighed  amount  and  the  -weighed 
amount,  remaining  after  resoldering  of  intake  2  in  vessel  3.  The  prepared  in- 
sthuaent  was  connected  by  drain  5  with  the  merciay  mancmieter,  placed  in  liquia 
themwstat  arid  the  increase  of  pressure  of  gasiform  products  of  disintegration 
in  time  was  measured.  Before  measurements  it  was  necessary  to  mix  contents  of 
instrument  by  repeatedly  driving  the  gas  bubble  from  manometer  1  to  the  lower  part 
of  reaction  vessel  and  back  again;  since  otherwise, pressure,  especially  in  the 
beginning  of  the  experiment,  either  barely  grows  or  grows  nonujoiformly,  which  is 
due,  apparently,  to  the  great  thickness  of  the  layer  of  nitro  ester  in  which 
diffusion  of  gases  proceeds  slowly. 


Deecs^sltim  of  nitrogl^rciiirin*  at  a  degr««  of  filling  (  I  ),  do#  to  cm, 
was  investigated  at  40-100°. 

Disintegration  in  these  conditions  is  characterised  bj  the  presence  of  two 

macroscopic  stages,  >  similar  to  that^  >diich  was  observed  at  higher  tenperature  and 

* 

significant !Iy  smaller  degrees  of  filling  of  reaction  vessel. 


Fig.  2.  Change  of  gas  formation  in  time  during  decciq;>o8ition  of. 
nitroglycerine  at  |  1  different  tengjeratUTM. 

1)  Volume  of  gasiform  producte  of  disintegration  V  cnr/gj,  2)  Time 
f  min.  lOr^, 


Fig,  2  presents  curves  of  change  of  volume  of  gasiform  products  of  dii^te- 

^and/  - 

gration  in  time  for  parallel  wqmrlments  at  |  cs  l/'  temperature  66,  80  azKi  lOO®*^.; 


As  can  be  seen  from  graphs  presented^  in  the  beginning  of  disintegration  gas 
formation,  especially  during  low  teis^Mirature,  proceeds  slowly  for  a  long  t^*  {  . 

t »’  / 

After  induction  period  gas  formation  starts  abruptly  growing, attaining  magnitudes/ 
exceeding  its  initial  .rate  hundreds  of  times.  •»  *  j 


i. }. 


Under  detailed  consideraticm  ;of' r'einilts  received  it  turns  out  that  analogy 
with  experiments  at  small  I  .  is  limited  in  many  respects  only  the  qualitati 
side.  • 

^  In  experiments  at  40°,  the  duratiai  of  >iiich  reached  8  months,  sharp  '  *  *  ^ 
acceleration  was  not  attained,  •  -  j 

.  i  »  *  ,  I  /  i . 
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Fig,  3,  givBs  in  coordinates:  Ig  ~ — L  dependence  of  initial  rate  of  . 

.  kz  T 

gas  fcamtion  tei'^rature,  chiuractejpiaing  disintegration  of  ^trpgjiycerine  in 
the  first  stage.  This  dependence  is  expressed  by  the  straight  line,  howeverj  the 

tangent  of  its  angle  of  ihclinatioh  is  significantly  less  than  in  experiments 

1 

under  incwased  ten^rature  with  small.  |  ,  correspondingly  activation  energy 
in  our  eiq^riinents  constitutes  only  29,  instead  of  40  kilocalpri^gram-raolecule=  . 

for  the  case  of  small  de^ees  of  filling,  of  reaction  vessel.  In  other  words,  the 

>  '  ^ 

tej^rature  coefficient  of  initial  rate  of  gas  formation  during  disintegration  of 
/ 

nitroglycerine  under  the  Conditicms  of  our  eo^riimsnts  is  significantly  less  than 
that,  which  can  be  bbtaihed,  eatrbpolating,  for  example,  the  results  of  Robertson 
and-  also  our  data  for  smsULl  I  at  low  ten5>eratures.  Ratio  of  rates  at  60 
and  40®,  obtained  by  extrapolation,  constitutes  nearly  50-60,  during  the  exper¬ 
iment  it  showed  a  magnitude  of  nearly  16. 


Fig,  3»  Influence  of  tanperature  on  initial  rate  of  gas  f oration  3 
during  disintegration  of  nttroglycering  at  40-100®.  1/  log  ^  cin-^/f  min/ 


1,  Results  of  investigations  of  disintegration  of  nitroglycerine  in  liquid 
phase  at  small  degrees  of  filling  and  the  higher  temperatures  are  presented  in 
the  preceding  article  of  the  present  collection. 


Fig*  3*  giv®9  in  coordinates  |g  lif — dejjendence  of  initial  rate  of 

lx  T 

gas  ;f oi^tidn  :dn;  ieitiperature,  characterising  disintegration  of  nitroglycerine  in 
the  first  stage.  This  dependence  is  exj^essed  by  the,  straight  line,  however,  the 

tangent  of  its  angle  of  inclination  is  significantly  less  than  in  experiments 

1 

under  increased  tei^rature,  with  small,  ,  correspondingly  activation  energy 

in  our  experiments  constitutes  only  29,  instead  of  40  kilocalpri^gram-raoleciile: 

f dir  .the  case  of  small  degrees,  of  filling,  of  reaction  vessel.  In  other  words,  the 

tei^rature  coefficient  of  initial  rate  of  gas  formation  during  disintegration  of 
/ 

nitroglycerine  under  the*  conditions  of  our  experiments  is  significantly  less  than 
that,  which  can  be  obtained,  sxtropolatihg,  for  example,  the  results  of  RobeHison 
and'  also  our  data  for  small  I  at  low  temperatures.  Ratio  of  rates  at  60 
and:  40®,  obtained  by  extrapolation,  cpnatitutes  nearly  50-60,  during  the  exper¬ 
iment  it  showed  a  magnitude  of  nearly  16, 


Fig,  3*  Influence  of  t<miperature  on  initial  rate  of  gas  f oration  ^ 
during  disintegration  of  nitroglycering  at  40-100°.  1}  log  cm^/p  min/ 


1.  Results  of  investigations  of  disintegration  of  nitroglycerine  in  liquid 
phase  at  small  degrees  of  filling  and  the  higher  temperatures  are  presented  in 
the  preceding  article  of  the  present  collection. 
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Fig.  4.  Influincs  of  priMstir*  of  diiini^4tion  prodtieti  on  rate 
of  gM  fpmatioR  during  docmpofi^on  of  idiro^  (NG)  at 

differwit  tuaparAtiiraii  l)' iog  P^V^r*^^ 

Thf  conparatlvaly  nail  tnparat^  coafflciant  of  rata  of  gaa  fonaatl^  in 
the  firat  stage  of  decoaipoeitioti  of  IC  cm  be  due  to  the  change  2^^ific  ,gi^yit27 

,  of  separate  relatione  in  gas  fomation  and,  in  particular ,  to  the  inciNase  of  .the 

I  • 

j  role  of  hydrol^ytic  and  <»cidising  relations,  ;the  x«te  of  which^  ap;p«reiiily^  dipi^s 

.  less  on  tenperature,  than  the  rate  of'  themal  disintegration.'  '^his^  PTOBI^ 
large  storage  of  products  of  disintegration  in  nitro  ester  due  to^hi^  degiSM^ 

!  filling  reaction  Vessel. 

1  .  ■ 

,  After  achievment  of  definite  critipai  pressure  of  products  of  di^onpcMiiti'on 

I  ' 

J 

!  there  begins  a  stage  of  sharp  acceleiration,  analogous  to  disiht^rat ion  at  hi^e^ 

'I  '  -  .  -  „  .  ,  . 

I  temperature.  Fig.  4  represents  the  depi^  rate  of  change  of  p^ 

I  the  pressure  of  products  of  disintegration  at  60^  80  and  100*^.  Frets' gra^s,  p^ 
sented  it  is  clear  that  the  rate  of  gas  fomation  in  a  secMon  of  thiurp  accel%]^ 
tion  depends  on  tsnperature  eij^ficahtljr  less,  than  in  the  first  stage,  if  acti — 
vation  energjr,  calculated  hf  initial  mtee  of  gae  formation,  conetitutee  ^  kildr 
calorie/grsmomolecule,  thmi  activation*  mer^,  corresponding  to  the  sece^'  stage  . 
and  calculated  by  ratee  at  identical  preseure  of  gasiform  products  is  considerably 
less  and  constitutss  15  kil’oealorie/gi:sei««oleculf. 


Uf 
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Mte  of  g*8  fpTBMitipR  to  the  Mcond  'Stage  is  proportional:  approjdinately  to 
the  second  dei^tee  of  :pre8S\me:  of  i^oducts  of  decpraposition.  The  presence  of  this 
dependence  both  at  rsosUl  $  -and  increased  tnoperatures,  and  at  large  i  and 
retotively  im  tengwratures  aU.oi#s  us  -to  inake  assumptions  concerning  the  simiLur- 
ity  of  ihrocesses^  s^pceedtog  at  the  stage  of  shat^  acceleration  to  a  wide  range  of 
tenperatuws  (6b^^0®')»  ' 

Kignitude  of  the  critical  pressure  depehls  on  temperature,  be^  increased 
idth- tho^  latter.  Thus  at  60,  80  and,  100®  critical  pressure  constitutes  respect¬ 
ively  i»arly  250,  500  and  1000  m  of,  'it^rcury.  Comparison  of  these  ma^tudes 
vdth  critical  pMssureSj  robtatoed  during,  .snail  degi»ees  of  filling  shows  that  with 
tocrease  .1  from  0,1  to  1  critical,  pressure  is  tocreased  5-7  tin»s 

(dicing  sraa^  f  it  constitutes  for  80®  nearly  70  arid  for  100®  nearly  200  mm  of 
mercury), 

Si^fictot  j^cwth.  of  critical  pressure  during  tocrease  of  degree  of  filling 
to  its  maxinm  magnitude  can  be  e3q)latoed  by  the  fact  that  in  the  earlier  stages 
of  dlstotegratic«i  wl^  be  fonned  chiefly  less  active  products  of  deccanpositioni, 
as  a  result  of  which  their  pressure  over  riitro  ester,  necessary  to  transfer 
dec„pmp6sition  into'  second  stage,  should  be  higher.  However  it  is  possible  to 
shew  that  with  certain  aesunqpticns  the  degree  of  filling  of  the  reaction  volume 
has  to  affect  the  magnitude  of  critical  pressure  during,  .constant  cemposition  of 
the'  products  of  decomposition.  If  we  assume  that  the  products  of  disintegration 
are  ebn^osed  of  gas  accelerating  disintegration  and  ccsnparatively  well  soluble  to 
nit'ro  ester,  arid  gases,  not  participating  in  disintegration  and  which  are  poorly 
soluble,  then  the  critical  pressure  turns  out  to  be  the  more  common  pressure  of 
the  products  of  disintegration,  with  >Mch  the  pressure  of  the  accelerating  gas 
reaches  definite  and  constant  values  for  a  given  temperature  (not  depending  on 
i  ). 


' 


[if  w  »cc«pt  ttoefi  th#n  th*  d«p«>d*nc«:  of  eHtiedl  pwotur#  <av 

^nitwlo  i  will  b«  by  •qudtioii 


|^•r^  A  awf  B  w  constmht  ebofficiint^^  dopondl^  only  oii 

><hich  A>  B,  • 

Conaideratioii  of  tliis  ^q^aaalqn  ^ows  that  at  small  da^roea  of  filling 
•Cto^  I  »  03),  critical  ^aaura^  r^^  prMtically  caaataht/and 

with  iJicraasa  of  tha  lattar  it  is  hotlcaably  incraaafd^  lA  genf^al  igWf 

. 

|*with  tha  a3q;^riD»nt.  -  . 

Tha  data  obtained  about  disintagratibn  of  nitrogl^eriha.  pM^ 
aatinata  infiuanca  of  tan^ratu^  <»  during, >i^ch. 

ItinB  avdafinita  qjiantity  of  gaaaa  wara:  Ubaratad  corfaspo^^  a  prbliu^  of 
nearly  1000  nn  of  merciay.  With  this  prassia^a  tha  di8inta^‘ati(»i(^  NG  is  .^ia?- 
actarisad,  indepandaht  of  tha  tar^atura  of  tha  a^ri^t,  a  vai^  high,  Mta 
1  of  gas  fonnatic^  and  a  large  contaht/lwoapositioii  productsrof  acid  substancas,^ 
quantity  of  vdiich  through  titration  by  aUcaii  bf  , aqueous  aactract  cosraspoods  to 
I  their  concentration  in  nltroglycarina  (in  conversion  to  nitric  acid)' in^  ^a 

'  '  I 

I  of  percent. 

I  Fig.  5  illustrates  infiuanca  bf  taa^rature  or*  duration  of  i^ction  ;pariod 

'  "  ■  ■ 

for  experiments  with  different  da^aaa  of  filling  of  ^cti<m  vassai  (tbt^  with 
nwadaum,  and  with  lesser  values  of  I  )  in  a  wide  range,  of  taajparatuws  (66^ 


Fig.  ,5.  I^luence  of  temperature  on  induction,  .period  of  dis¬ 
integration  of  nitroglycerine jat  different  degrees  of  filling 
of  reaction  vesaei.  a)  log  f  /mi^ 

1)  i.izi,  2)  t  ir  o.03,  3)  I  ^0.006. 

This  dependence  for  studied  $  is  described  by  equation 
ordinates  Igt~i  is  expressed  by  straight  lines.  Straight  line  1  shows 
dependence  of  induction  period  on  ten^jerature  for  disintegration  of  nitroglycerine 
at  maxii^  degree  of  filling  of  reaction  vessel  at  a  range  of  100-60°,  Magnitude 
jil,.  found- by  tangent  of  angle  of  inciihatipn  of  this  straight  line,  constitutes 

26  'kilocal6rie/gran>~molecule.  It  is  near  the  magnitude  of  activation  energy, 

,  » 
calculated  by  initial  rates  of  gas  formation , 

Magnitude  E,  received  from  experiments  with  i  0,03  in  a  range  of  temp- 

« 

epatiure  ii0-140°  (straight  line  2)  constitutes  2.3  kilocalorie/gram-raolecule  and 
with  I  =0.006  at  100-140°  32  kilocalori^/gram-molecule  (straight  line  3), 

The  data  presented  show  that  the  temperature  dependence  of  the  induction 

«  I 

^  lod  during  disintegration  of  nitroglycerine  in  the  presence  of  decomposition 
products  is  influenced  by  the  degree  of  filling  of  reaction  vessel,  and  also 
apparently,  by  the  temperature  range,  inasmuch  as  with  an  increase  of  I  and 
lowering  of  temperature^  E  decreases  fram  32  to  26  kilocalorie/gram-molecule. 

The  results  obtained  allow  us  to  estimate  the  behavior  of  nitroglycerine 
under  the  conditions  of  its  storage. 


_ — - -  ,  _ _ _ — .■■«....i.~ '.■  ~.'./-^#.-'N<a^asg^a8mg«afey«w 

» 

S)ctr*pq:Utioii  i^ow*  th*t  ^iritiiM  ^  in^tlanv2^<^  of 

g^eriiM)  *t  20*  ui^er  thf  eohdltlonfj  promts  of  docoapc^ticKi  ji^ 
\cciiipl(it«ly/ 

mtro  ootor,  constltutoe  17  TfAra*  HoWeyer^  if  pro^^t  of  dia^^i^^ofi 
havt  the  oppc^toiit^,  to  this  or  that  degree^  to  leave  ^e>eoi^«tii^^  ^en 

tiie  inaction  period  becones  eqrreepoRdlnglx^  At  I  0,03  ^e 

period  for  20®  constitutes  nwiy  100  y^s.  Pwrtoer  decroMe  of  degr^ee  of  fill- 
j  ing  of  reaction  vessel  to  0.006  increases  induction  period  ip  Tears,  ^th 
>  cooqpiurison  of  these  oa^tudes  one  ^ould.  consider  t^t  dtv^  the  tine  of  induc¬ 
tion  period  a  diffei^t  de^e  of  disintegration  is  attained  depencUng;  upon  om^e- 
nitude  I  .  If  one  vrere  tp/take  in  all  c^ses  qp^tity  of  gasiform  ;]prpdtUis 

during  full  disintegration  of  nitrpgircerine  «  600  e;^/g  then  duxdiig  i  »  1 

1 

the  de^e  of  disintegraticai!  will  constitute  nearly  0,2J{  j;  during 

nearly  3^  and  during  0.006  nearly  17^»  It  is  necessaqr;  to  indicate  tiuit 

such  estimation  of  dej^e^  of  disintegration  at  least  for  eoqMrinentsj  with'  w 

» 

intum  I  is  very  toreiitionalj^in  view  of  sij^f leant  content,  of  \apid 
nitroglycerine  at  the  stage  of  sharp  acceleration,  whiph  ^^s  ali*eady  mei^ 
above. 

With  magnitudes  of  induction  period,  obtained  fw  20®  in  presence  of  .products 
of  dlsintegraticn,  it  is  possible  to  coupure  results  of  axtrapplatiQn  of  Robert¬ 
son’s  data  /  f<^  decoopositipn  of  nitro^cerine  uiwier  the  conditions  of 

cooqpulsory  removal  of  gasiform  products  of  disintegration  a  fleer  of  CQ^*.  It 
turns  out  that  in  these  conditions  l^s  degree,  of  disintegration  0^2^,  .ebr^sponding 
to  an  induction  period  at  imurt  be  attained  witliin  3000  years|..  degree;  of 

disintegration  3^i  corresponding  to  ijiduction  period  at  I  «5r,p.03,  -wl^i^ 

50,000  years  and,  finally  degree  of  disintegration  17%,  corresponding  to 
induction  period  at  I  0,006,  -within  300,000  years.  Shoe«i  magnitwies  are. 
ineomparably  larger  than  those,  vMch  ensue  from  pesults  of  eaipsriffisnts  on 

L 

\ 


dis^te^atiqn  of  nitroglycerine  in  presence  of  products  of  decomposition. 

Conclusions 

1,.  The  decompo,siti(m  of  nitroglycerine  at  low,  temperatures  (40-100® )  is 
studied,; 

■2i,  It  was'  shown  that  decomposition  of  nitroglycerine  with  these  temperatures 
proceeds  qualitatively  sLmiiarly  with  disintegration  of  nitroglycerine  at  higher 
te;.ii»ratures(C0-14P®“).  This  slMlarity  lies  in  the  presence  of  two  macroscopic 
st^es,  criticai  pressure  ^d  approximate  proportionality  of  rate  of  gas  formation 
I'n  eecond  stage  to  squ^e  of  pressure  of  products  of  disintegration, 

3i.  it  is  also  shown  that  along  with  known  similarity  is  quantitative  distinc¬ 
tion  in.  disinte^ation  of  nitroglycerine  during  low  and  during  high  temperatures. 
Temperature  dependence  of  initial  rate  of  gas  formation  during  low  temperatures 
is.  expressed-  more  weakly.  In  the  second  stage  of  decomposition  critical  incre¬ 
ment  of  rate-  gas  formation  constitutes  nearly  15  kilocalorie/gram-molecule 
differing  from  hi^  temperatures,  vAiere  the  rate  of  gas  formation  in  second  stage 
yixHiually  does  hot  depend  on  temperature, 

4,  Ah  estimation  is  made  of  the  magnitude  of  induction  period  of  disintegra¬ 
tion  of  nitroglycerine  at  20®,  The  results  obtained  are  compared  vdth  the  in¬ 
fluence  of  the  degree  of  filling  of  reaction  vessel  on  the  possibility  of  removal 

* 

of  gasiform  products  of  decomposition  from  nitro  ester. 

5»  Peculiarities  of  decomposition  of  nitroglycerine  at  low  temperatures  are 
considered  in  an  assumption  about  the  increase  in  the  first  stage  of  disintegra¬ 
tion  of  "specific  gravity"  of  reactions  of  hydrolytic  and  oxidizing  character  with 
a  relatively  small  temperature  coefficient  of  rate,  predominant  in  the  seconu 
stage. 


i 


f 


6,  Developed  is  a  jMthodology  of  study  of  thermal  disintegraticai  of  explosive 

substances  at  a  maxinttm  de»es  of  filling  of  reaction  vessel,  allovdng  us  to  ^ ' 

-1  •* 

widen  the  investigated  range  of  tengjerature  in  the  area  of  lower  temporatiires.  ^ 

The  authors  express  ^atitude  to  K.  K,  Andreev  for  his  considerable  instruc- 

:  /-S  J 

tion  during  discussions  of  the  work  and  the  formulation  of  its  results.  ' 
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Article  No.  13-  Chapter  2 
Papes  197  -  20? 


V.  V,  Corbtmov  and  B,  S.  Svetlov 

13.  influence  Of  V/ater  And  Acid  On  Self~Accelerated  Disintegration  Of 
Kitrorlvcerine . 


Thermal  decomposition  of  nitroglycerine  in  liquid  phase  in  the  presence  of 
products  of  di.sintegration  is  a  diphasic  process,  C'yJ >  first  stage 

the  induction  period,  is  characterissed  by  a  comparatively  small  and  slowly  in¬ 
creasing  rate  of  decompositipnj  the  second  stage  proceeds  v/ith  great  self¬ 
acceleration.  The  duration  of  the  induction  period,  is  influenced  by  the  condi¬ 
tions  unfier  which  the  experiment  was  conducted.  Different  impurities,  in  parti¬ 
cular  water,  acid,  nitrogen  peroxide,  accelerate  decomposition,  reducing  this 
period . 

%ter  has  an  especially  strong  influence  and  to  an  even  greater  degree 
water  with  acid  or  with  nitrogen  peroxide,  forming  acid  during  interaction  with 
water  /”l_7.  This  allowed  us  to  make  assumption  about  the  leading  role  of  hydro¬ 
lytic  processes,  taking  place  during  decomposition  of  nitroglycerine  both  in  the 
presence  of  wat<.'’  and  acid,  and  during  self -accelerated  disintegration  of  nitro 
ester  without  additions  /~5_7* 

Experiments,  conducted  at  their  own  time  to  study  the  influence  of  water 
and  acid  on  decomposition  of  nitroglycerine,  do  not  give  quantitative  presenta¬ 
tions  on  the  role  of  concentration  of  impurities  and  temperature  of  experiment, 
since  results  of  these  experiments  were  received  by  mariometric*  method  or  by  meth¬ 
od  of  flash  in  ampules  Cl.J  during  a  small  ratio  of  volume  of  nitro  ester  to 
volume  of  ampule.  Therefore  a  significant  and  sometimes  indefinite  part  of 
the  impurities  and  products  of  disintegration  was  in  the  gas  phase  and  a 


I  quantitative  estimate  of  their  composition  anl  role  in  the  process  of  decooposi- 

i  tibn  of  nitro  ester  could  be  performed  only  by  taking,  into  account  processes  of 

\ 

diffusion  and  dissolution,  which  was  not  possible  under  the  conditions  of  the 
experiments,  Besides  these  experiiaen,^3' were  conducted  during  relatively  high 

temperature  (mainly  at  100^  and  above),  in  a,  narrow  range  which  by  itself  himper- 

■ 

I 

ed  extrapolation  of  results  at  the  lower  temperatures,  of  interest  to  the 

i 

practicians , 

In  connection ->d.th  this;  experiments  wore  set  up  with  application  of 
manometric  method  at  practica-Hy  full  filling  of  yolme  of  ampule  of  hitro 

I 

.  ester  which  allowed  us  to  trace  decomposition  of  nitroglycerine  dn  the  pres^ce 

I  of  water  aid  nitric  acid  (both  separately  ^d  together),  at  a  range  of  40  ~  1(XP . 

I 

I  Dosage  of  water  and  acid  was  realized  by  freezing  out  definite  quantities 

of  their  vapor  in  reaction  vessel  with  nitro  ester,  preliminarily  liberated 
from  volatile  substances  by  means  of  exhaust.  Accuracy  of  dosage,  checked  by 
"empty"  experiment,  (without  nitroglycerine),  constituted  +  3^. 

I  Experiments  on  decanposition  of  nitroglycerine  at  lOCPard  maximum  degree 

of  filling  of  vessel^  showed  (fig.  l)  that  in  the  presence  of  0.2jS  weight  of 
water  the  acceleration  of  disintetgration  sets  in  significantly  faster  (approxi¬ 
mately  1.5  times),  than  in  the  presence  of  the  same  quantity  of  nitric  acid, 
and  2.5  times  faster,  than  individual  nitro  ester. 

An  analogous  result  is  received  at  lesser  I  (0.03)  in  the  presence  of 
0.5%  weight  of  water.  In  this  case  acceleration  sets  in  3  times  faster,  than 
j  in  experiment  with  the  same  quantity  of  nitric  acid.  It  is  necessary  to  note 
that  the  pressure  -  time  curve  in  case  of  decomposition  of  nitroglycerine  in 
the  presence  of  water  at*53Wl  has  the  same  character  as. at  maall  I ,  namely:  the 
period  of  constancy  of  pressure,  its  temporary  decrease  (small)  and  subsequent 

sharp  acceleration  of  gas  fownation.  The  time  to  the  beginning  of  pressure 

«  •  ' 

decrease  is  scsnewhat  less  than  that,  which  is  observed  at  small  I  and  equal 


pressure  uf  the  vapor  of  the  added  water. 

The  character  of  the  pressure  -  time  curve  in  the  experiment  with  nitric 
acid,  attracts  attention  because  it  is  saturable  in  the  beginning.  Apparently, 
the  decccpcsit.' on  .f  nitric  acid  itself  is  s jperimposed  on  the  disintegration  of 
nitroglycerine  in  this  period. 

Fig.  i  and  3  present  curves  of  decempositior.  of  nitroglycerine  in  the 
presence  cf  water  ajid  nitric  acid  at  60  and 


.-ig.  1.  Influence  of  water  and  nitric  acid  on  decocipc3itio.n  of 
nitroglycerine  at  lOO”.  (For  ?iG  without  additions  curves  cf  two 
parallel  experiments  are  presented.)  1)  Pressure  nsn  of  mercury; 

0)  Without  additions;  3)  Volume  of  gasiform  products  of  disi.n- 
tegrationV  ;  u)  Time  ^minute. 

As  car.  be  seen  from  grapi.s,  at  6C°  and  definite  contents  of  water  disintegration 
cf  rd-troglycerine  is  acconpanied  ’ey  characteristic  drop  in  curve  MM- 
iisintegraticn  in  the  presence  of  10056  ratric  acid  proceeds  on  the  curve  usual 
for  rd.trcglycer.ine.  At  first  pressure  increases  slowly,  then  at  the  expiration 
cf  tne  induction  period  gas  formation  is  accelerated  abruptly. 

Exjjeriments  siiswed  that  adding  water  or  nitric  acid  to  nitroglycerine 
Jlgrdf leant ly  rtduces  ursuuction  period  as  compared  with  disintegration  of  dry 
pure  r.itroglyceririe  not  only  at  increased,  but  also  at  low  temperatures.  How¬ 
ever  in  the  latter  case,  nitric  acid  by  its  own  accelerating  action,  signiflcant- 
_y  exceeds  water.  At  60°  the  induction  period  for  pure  nitroglycerine  consti- 
t..tes  .nearly  600  ho>irs,  with  addition  of  0.2  and  O.lS  weight  of  water  it 


constitutes  230  and  160  hours  respectively.  ^  presence  of  ■O.pJfjS  wei^t  of 


nitric  acid  a  sharp  acceleration  starts  in  150  hours,  and  in  experiment  with 
0.45^  weight  of  acid,  pi  120  hours. 


l/twi  T 

Fig.  3.  Influence  of  water  and  nitric  acid  on  decomposition  of  nitro¬ 
glycerine  at  40°.  1)  0.16/5  weight  of  HoO,  2)  6.34^  of  K26,  ,3)  0.1755 
weight  of  10055  HMO3.  (1)  Pressure  m  of  mercuryj  (2)'  Tim^T?hour. 

Thus,  at  60°  water  (0.256  weight)  reduces  time  of  induction  period  of  disintegra¬ 
tion  of  nitroglycerine  approximately  2.5  times  whereas  nitric  acid  even  in 
smaller  quantity  (0.1455  weight)  decreases  this  time  4  times.  The  ratio  of  the 
duration  of  the  induction  period  with  disintegration  of  the  given  nitro  ester 
in  the  presence  of  water  to^the  duration  of  this  p«riod  for  a  product,  contain- 


ing  acid,,  constitutes  nearly  1*5. 

At  nitric  acid  has  an  ev^  stronger  influence  that  at  In  connec¬ 

tion  mth  the  fact  that  experiments  w.th  waterless  nitroglycerine  at  40°  were 
not  brought  to  sharp  acceleimtion  of  disintegration  due  to  their  great  durations, 
straight  data  on  the  influence  of  water  on  the  induction  period  ^  these  condi¬ 
tions  are  absent.  An  indirect  method,  based  on  extrapolation  of  temperature 
dependence  of  duration  of  induction  period  of  a  waterless  product  with  100,  .80, 
60°  gives  a  magnitude  of  about  1  year  at  40°.  The  ratio  of  this'  magnitude  to 
time  of  induction  period  of  disintegration  of  humid  nitroglycerine  constitutes 
about  2,  \diich  is  nearly  the  ratio  at  60°* 

Experiments  show  that  the  induction  period  at  40°  in  the  presence  of  0.1?,^ 
weight  of  acid  constitutes  1300  hours,  but.  at  0.16^  weight  of  water  it  equals 
4^00  ‘hours,  i.  e.  acid  reduces  the  time  to  the  beginning  of  sharp  acceleration 
of  disintegration  of  riitroglycerine  as  compared  with  water  3.5  times,  ^ereas 
at  60°  this  period  was=  reduced  only- 1.-5  times , 

Thus,  with  lowering  of  temperature  the  accelerating  influence  of  nitric 
acid  on  disintegration  of  nitroglycerine  grows,  the  influence  of  water  remains, 
apparently,  constant.  Accelerating  action  of  acid  is  developed  from  the  very 
beginning  of  the  experiment.  Initial  rates  of  gas  formation^  in  the  case  of 
addition  in  nitroglycerine  of  nitric  acid  are  increased  at  40  and  60°  5-10  times 
depending  upon  quantity  of  added  acid.  In  experiments  with  water  the  pressure 
in  a  significant  section  of  disintegration  virtually  does  not  grow.  In  experi¬ 
ments  with  moderately  diluted  acid  initial  disintegration  rate  is  lower,  than  in 
the  case  of  concentrated,  but  still  higher  than  for  indi-vidual  nitroglycerine, 

WIICI  tMMUl  II  I  |i|ll»— I— KM.— 111. 

1,  This  yate  was  calculated  as  average  on  a  section  of  disintegration  from  its 
beginning  to  separation  of  a  quantity  of  gases,  corresponding  to  50  mm  of  mercury 
above  equilibrium  pressure  of  addition. 


In  the  presence  of  diluted  ac:W  (to  20jK  KNO^)  presage  in  the -begini^«g  f dr  a 
long  ti®e  either  does  not  grw  at  all  as  in  the;  caae  of  e:q>erm^ts  with  yr&ter)., 
or  grows  idth  a-  i-ate,  less  for  nitroglycerine  =alqne.. 

Increase,  of  dMtial  rate  of  gas  formation  in  the.  presence  of  strong  nitric 

I  acid,  accompanied  by  sha^p  reduction  of  induction  period,  is  conditioned,  appar-r 
ently  by  the  development  of  oxidizing  processes,  the  greater  the  specific,  value 
of  which,  the  lower  the  t^peratiire  and  the  stronger  the  acid,  -^bcidizing  re¬ 
actions  lead  to  the  formation  of  poorly  condensM  products  and  .^sio;  water-, 
participating  in  hydrpl^ic  deccmpositiori.  of  nitroglycerine.  In  case  of  diluted 
acid,,  whose  oxidizing  action  is  not  so  great,,  hydrolyyis  proceeds  mainly  with 

the  foimtioh  of  .nitric  acid  easily  soluble  in  nitro  ester.  In.  this  case> 

i 

I  pressure  either  grows  weakly  (when  specific  gravity  of  ocddizing  reactions  are 
still  significsmt)  or  does  not  grow  at  all. 

In  the  presence  of  water  alone  pressure  for  a  prolonged  time  rahains  con¬ 
stant  due  to  the  same  causes  which  also  exist  at  high  temperatiui^  and"  sinaGl 
degrees  of  filling  of  reaction  vessel.  Hydrolysis  of  nitroglycerine  is  developed 
very  slowly  due  to  the  neutrality  of  the  medium*  When  as  a  res^t  of  disintegra¬ 
tion  and  hydrolysis  of  nitro  ester  a  certain  quantity  of  acid,  is  stored, 
hydrolysis  is  i?trongly  accelerated  due  to  abruptly  e3q)ressed  autpcatal^is  of 
this  process.  In  known  conditions  is  observed  even  a  lowering  of  pressure,, 
characteristic  for  experiments  with  water. 

Thus,  experiments  showed  that  general  rules  of  disintegration  of  nitrogly¬ 
cerine  at  increased  temperatures  in  presence  of  water  and  acid  are  kept  also  at 
low  temperature.  However  in  these  conditions  the  influence  of  the  indicated 
substances  is  developed  quantitatively  otherwise. 

!  The  above  described  rules  were  fixed  by  results  of  experiments,  in  which 

1 

'  to  nitroglycerine  was  addai  water  or  nitric  acid  mainly  in  quantity  about  0.2^ 

k 

weight. 


••  —  S*”  — 


For  the  purpoee  of  eocposing  the  influence  of  a  quantity  of  water  on  dis¬ 
integration  of  iiitroglycerine  corresponding  experiaents  were  cot^ucted  at  60° 


Fig,  4.  Influence  of  a  quanti^'of  water  on  decomposition,  of  nitro¬ 
glycerine  at  66°.  Numbers  by  curves  -  contents  of  water  in  nitro¬ 
glycerine  at  %  wei^t.  1)  pressure  mm  of  aercuryj  2)  time'^hour. 

Fig.  4  gives  pressure  -  time  curves  for  disintegration'  of  nitroglycerine 

in  'the  presence  of  different  quantities  of  water.  Addition  to  nitroglycerine 

of  even  0.055^  "W'ei^t  of  water  reanarkably  (approximately  by  30^')  shortens  the 

induction  period.  Increase  of  water  content  leads  to  further  reduction  of  this 

period.  Thus,  addition  of  O.IOJ^  weight  of  water  reduces  time  to  beginning  of 

sharp  acceleration  of  disintegration  of  nitro  ester  by  4056,  0.1856  weight  of 

water  -  by  6056  and  0.4256  weight  of  ■water  -  by  70^.  These  data  show  that  •with 

increase  of  water  content,  its  relative  influence  on  the  magnitude  of  the  in^ 

duction  period,  -  apparently,  decreases.  Pressure  differing  from  experiments 

with  waterless  nitroglycerine  in  the  beginning  either  grows  very  slowly  (small 

water  content),  or  remains  constant  throughout  all  the  induction  period.  With 

an  addition  of  0.42^  water  the  curve  obtains  the  form  with  the  characteristic  . 

drop  usual  for  disintegration  of  humid  nitroglycerine. 

1.  These  experiments  were  carried  out  by  M.  S.  Plyasunov, 

» 

^ 


At  kO^  (see  fig.  3)  also  is  obsernr^  a  relative  decrease  of  influence 
of  the  quantity  of  water,  Ihus,  increase  of  water  content  twice  (frca  0.16  to 
0.34^)  leads  to  a  reduction  of  the  :mduction  period  from  4600  to  400Q  hours,  i.e^ 
approximately  by  10^.,  This  is  due  to  the  fact  that  water  along  with  active, 
ftmction  (hydrolysis)  also  plays  the  role  of  diluent  of  the  resulting  acid  that 
can  lead  to  inhibition  of  both  h;^rolytic,  and  oxidizing  reactions. 

Influence  of  quantity  of  acid  on  disiritegraticn  of  nitrogiycerine  is  studi^ 
with  application  of  HNC^  of  different  concentrations.  At  60°'  ^  increase  in 
content  of  100^  nitric  acid  in  nitroglycerine  three  times,  from  6,3^  to  0.45^  weight) 
shortened  the  induction  period  from  150  to  120  hour.,  i.,  Si  by  25%. 

Influence  of  quantity  of  70“30jS  nitric  acid  on  .disintegration  of  nitro¬ 
glycerine  is  shown  ^  fig,  5.  Here  aii  increase  in  content  of  acj^  of  the  in¬ 
dicated  concentration  approximately  4  times,  reduces  Ruction  period' by 


y 

Fig.  5.  Influence  of  quantity  of  70-80^  nitric  acid  on  decomposition 
of  nitroglycerine  at  60°,  Numbers  by  c^irves  -  content  of  acid  of  given 
concentration  in  nitroglycerine^  %  weight,  1)  Voiiane  of  gasiform 
products  of  disintegration  j  2)  Time hour. 

A  similar  influence  is  made  by  the  change  of  acid  content  also  at  40°. 


Increase  of  quantity  of  7O--6O5S  nitric  acid  from  0.18  to  0.67^  weight  reduced 
the  time  of  induction  period  from  1200  to  400  hours,  (fig.  6).  Farther 


increase  of  quantity  of  acid  to  2,5^  weight  reduced  this  time  only  to  300  hours. 
In  this  it  is  possible  to  see  a  certain  similarity  of  influence  of  quantity  of 


substances  added  to  nitroglycerine,  such  as  water  or  acidj  relative  reduction 
of  induction  period  occurs  with  small  quantities  more  sharply,  than  with  large. 


s 

4 


( 

i 

f 


Especially  we  mst  note  the  fact  t^t  in  the  case  of  diluted  acid,  whose 
accelerating  influ«nce,  as  will  be  seen  beiow>  is  most  strongly  developed,  it 
is  possible  to  observe  its  inhibiting  influence  if  it  is  taken  in.  a  cpantity. 


exceeding  that  necessary  for  saturation  of  nitro  ester. 


Fig.  6..  Influence  of  quantity^  70-80^  nitric  acid  on  decompositidh 
of  nitroglycerine  at  40®.  Numbers  by  curves  -  acid'  content  of  given 
concentration  in  nitroglycerine  in  %  weight.  1)  Pressure  nan  of  mercuryj 
2)  Time^hour. 


Fig.  7  represents  results  of  experiments  on  decomposition  of  nitroglycerine 

in  the  presence  of  22-28^  nitric  acid.  In  one  of  them  this  acid  was  0.19^  weight 
dissolved/ 

(fully/  '  If  in  another  1.95^  weight  so  that  part  of  it  was  not  dissolved 

in  nitfo  ester  and  was  at  a  temperature  of  experiment  in  the  form  of  suspension. 

»  ■ 

In  the  first  case  the  induction  period  constituted  80  hours;  during  the  second, 
in  the  presence-  of  a  ten  times  greater  quantity  of  acid,  the  time-  to  sharp 
acceleration  of  disintegration  constituted  280  hours  and  there  was  a  signifi¬ 
cantly  greater  induction  period  in  the  experiment  with  O.I85S  weight  of  water. 
Sharp- acceleration  of  decomposition  set  in  this  case  only  after  all  acid  was 
dissolved  in  nitro  ester,  which -was  judged  by  the  disappearance  of  suspension. 
Before  accelerf'  ion  of  disintegration  there  was  observed  a  certain  decrease  of 
pressure.  The  inhibiting  action  established  here  is  connected,  appai*sntly, 
with  the  fact  that  undissolved  water,  while  extracting  part  of  the  acid,  lowered 
thereby  its  contents  in  nitroglycerine,  until  it  entered  in  reaction  of  hydroly¬ 
sis  or  was  dissolved  because  of  increase  of  the  general  acidity. 


Fig.,  7.  Decoo^sitibn  of  ^trpglycerine  at  66°  iii  the  presence 
of  22-28^  nitric  -acid,  dissoiybd' partiaHy  imdissolvi^  iri  it, 
and  dissolved  wa-ter,  1)  1.^  weight  partially’ i^lssolved- 
2)  0.18^  wei^t  dissolved  Vrater^  3)  6.19^  wei^t  dissolved 
4).  Pure  nitroglycerine.  (1)  .^essure  mni  of  mercuiy;  ii2)  T^e-  ’ 
’-Chour. 


Fig.  8.  Influence  of  temperature  on  druration  of  induction  period 
during  decomposition  of  nitroglycerine.  1)  P^e  nitroglycerine, 

2)  0,2$  weight  of  water,  3)  0.2^  weight  o£  100$  MOq,  4) 

20$  HNO3.  (1)  lgT"/”Min_7  (2)  Temperature, 

Results  of  experiments  with  addition  of  nitric  acid  and  water,  conducted 

i 

I  in  wide  temperature  range  (100  -  40°),  allowed,  us  by  extrapolation  to  estimate 
influence  of  these  substances  on  irtluction  period  during  storage  of  nitrogly¬ 
cerine  in  normal  conditions  (20°),  when  practically  aH  products,  both  added 

f 

•  to  nitro  ester,  and  formed  during  its  disintegration,  are  in  condensed  y^iase. 

Influence  of  temperature  on  duration  of  the  induction  period  can  be  depicted 

lot 

in  coordinates  lgt-*~yr  by  straight  lines.  Iri  fig,  8  this  dependence  is  pre¬ 
sented  for  ejqperiments  with  0,2^  of  lOC^  nitric  acid,  (straight  line  3),  for 


tuqp^rimohia  ^th  of  nater  (strldght  line  2)  for  pure  nitroglycerine  (striight 
line  1)  and  for  experimmte  with  Q.ZjL  of  dilut«i  HNC^  (straight  line  4)>  Bx- 
tz«polatioa  shows  that/  20’’  the  induction  period  of  disintegration  of  huioid 
nitroglycerine  constitutes  10  year8>  acid  >  1.4  with  addition  of  diluted 
nitric  acid  3  xDonths.  waterless  4^^  n  -  17  years. 

ThuSjt  experiments  show  that  water  and  nitric  acid  strcaigly  affect  the 
coi^e  of  disintegration  of  nitroglycerine  in  the  induction  period  stage  signi¬ 
ficantly  x^ucing  it.  In  coraiection  with  this  it  is  interesting  to  explain^ 
i^ether  these  subs^nees  influence  the  rules  of  deConppsitidn  of  nitroglycerine 
in  the  stage  of  sharp  acceleration. 

It  was  rtuwh  £ ^J,  that  the  rate  of  gas  f onuition  during  disintegration  of 
waterless  pure  idtroglycerine  after  the  beginning  of  sharp  acceleration^  not 
dependent  on  the  degree  of  filling  of  vessel,  is  proporticuial  ajpproximately  to 
the  sqvuure  of  the  pressure  of  the  products  of  decdnposition.  This  rule  is 
observed  also  in  the  case  of  disintegration  in  the  presence  of  water  and  nitric 
acid  of  different  ccmcentratiohs  at  40  and  60°.  Fig.  9  and  10  present  graphs 
of  dependence  of  rate  of  gas  formation  on  pressure  of  disintegration  of  products 
in  logarithmic  coordinates  for  experiments  with  water  and  nitzdc  acid  of  differ¬ 
ent  coicentrations.  As  can  be  seen  from  fig.  9>  at  60”  points  obtained  can  be 
described  in  general  by  a  straight  line,  lying  above  the  straight  line. for  in¬ 
dividual  nitroglycerine.  This  points  out  the  fact  that  at  one  ana  the  same 
pressure  of  disintegration  products  in  eoqperiment  in  the  presence  of  water  or 
nitric  acid  the  rate  of  gas  fomatim  is  higher  than  in  experiment  with  individ¬ 
ual  nitro  ester.  Tangent  of  angle  of  inclination  for  both  straight  lines  consti¬ 
tutes 


{ 


Fig,  9.  Influence  of  prcesur?  of  disintegrajbicm  products  on  the  ; 
rate  of  gas  formation  during  decdmppsiticai  of  nitroglycerine  in  ( 
the  presence  of  water  or  nitric  acid  of  different  concentrations-  ^ 
at  60®.  *  Pure  nitroglycerine i  1)  .Rate  o£  gas  formation!  2)  ^ 
Pressure  of  products  of  disintegration.  3)  b®  of  mercury j  4) 

(cm  3/g  -  Jnin)j  0-0.14$  weight  100$  HNOqJ  X-0.45$  weight  100$  HNOoj 
+-0.27$  weight  63.5$  HNOoj  A  -0.23$  weight  77$  HNO^j  •-0.20$  weight 
41.5$  HNO3; 0  -0.19$  weight  22.4$  HN03j«  =  0.1$  weight  630 j 
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1)  Rate  of  ,gas  fbxmaticA 
2^  Pressure  of  products  I , 
of  disintegration  0-0.17^  1 

weight  100^  HNOoJ  X-0.1^  2 
weight  75.45C  H^j2k-0.2^«f 
weight  55.6  HN63;  J- 

*-0.225t  weight  * 

HNC^j  •-0.16^  weight  H2O.  ,1 

(I)  J- 


/ffitMtme  /tp0t^timn  jkmH  -y  ^  "  ^ 

Fig.  10.  Influence  of  pressure  of  disintegration  products  on  rate 
of  gas  formation  dur;  ig  decomposition  of  nitroglycerine  in  the 
presence  of  water  or  ititric  acid  of  different  concentrations  at  40®. 

nearly  1.9.  Inasmuch  as  at  40^  experiments  with  a  waterless  substance  were  not 

brought  to  sharp  accelera^  it  is  impossible  to  conduct  such/comparison  in 

this  case.  It  is  possible  only  to  indicate  the  fact  that  data  of  experiments, 

broken  down  into  two  groups,  are  depicted  (see  fig,  10)  also  by  straight  lines 

with  tangent  of  their 'angle  of  inclination  nearly  1,7.  The  upper  straight 

line  corresponds  to  experiments  with  water  and  with  diluted  nitric  acid,  and  the 

lower  corresponds  to  experiments  with  100^  HNO^.  Consequently  in  experiments 

with  water  and  diluted  acid  rate  of  gas  formation  was  higher  than  in  experiments 

with  concentrated  acid  at  one  and  the  same  pressure  of  products  of  deccmposi” 

tion.  Observing  the  results  of  investigation  at  60°  one  may  also  see,  true, 

not  so  clearly  that  points,  corresponding  to  experiments  with  water  and  diluted 

acid  lie  above  points  of  experiments  with  concentrated  HNO^. 

Thus,  this  data  allows  us  to  conclude  that  the  role  of  water  and  nitric 

acid  of  different  concentrations  with  their  addition  to  nitroglycerine  is 

limited  mainly  by  the  acceleration  of  those  processes,  which  are  prepared  by  the 

onset,  of  the  stage  of  sharp  acceleration  of  disintegration  of  nitro  ester.  In 

this  very  stage  they  do  not  change  the  dependence  of  rate  of  gas  formation  on 

pressure  of  decranposition  products,  while  increasing  only  somewiiat  the  absolute 

rate  of  gas  generation. 


\ 
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The  hypothesis  about  the  hydroljHiic  nature  of  the  interaction  pf  nitrc^ly- 
cerine  vriLth  water  during  catalysis  forming  nitric  acid  /” 1_7  naturally  assumes 
the  presence  of  a  certain  optimum  relationship  of  acid  and  v^ter,  with  which  the 
hydrolytic  function  of  the  latter  is  developed  most  abruptly.  On  the  other  hard, 
oxidizing  action  of  nitric  acid  in  the  tptal  process  of  disintegration  of  nitro¬ 
glycerine  also  has  to.  depend  on  its  cpheentration. 

Ibcperiments  conducted  earlier  shewed  that  when  adding  water  and  acid  to¬ 
gether  disintegration  of  .nitroglycerine  proceeds  significantly  faster,,  than  in 
the  presence  of  them  separately.  It  was  interesting,  to  estimate  the  optimum 
relationship  between  water  and  acid  in  certain  corditions.  Muraour’s  experimeh1^6_7 
.  points  to  the  reality  of  suchH^lationship,  according  to  the  data  ot  which 
I  nitrocellulose  most  quickly  decomposes  in  .the  presence  of  22j5  nitric  acid,  and 
also  SamsonovfiS  experiment  l~lj i  conducted  at  100°  in  somewhat  irdefinite- 
conditions  and  giving  optimum  concentration  of  nitidc.  acid  for  disintegration  of 
nitrocellulose  10j6. 

In  our  experiment  disintegration  of  nitroglycerine  was  .studied  in,  the. 

i  presence  of  about  0.2?S  weight  of  HNO^  of  a  different  concentration  with  a  change 
of  the  latter  in  a  range  of  lOO-OjS.  As  a  characteristic  of  the  action  of  substances 
added  to  nitro  eater  we  took  a  ratio  of  the  duration  of  the  induction  period, 
corresponding  to  the  time  of  formation  0.8-1  cm  3/g  gasiform  products  to  the 
duration  of  the  induction  period  in  the  ejqjeriment  with  weight  of  water. 

Fig.  11  presents  results  of  corresponding  experiments,  conduct «i  at  60  jam  40°. 

As  can  be  seen  from  this  graph,  insignificant  dilution  by  water  of  nitric  acid 
to  contents  of  the  latter  nearly  80jS  virtually  does  not  affect  duration  of  in¬ 
duction  period  at  60°.  Further  dilution  abruptly  reduces  induction  period  and 
with  the  introduction  into  nitroglycerine  of  about  0.25S  weight  of  25-40?^  nitric 
acid  it  is  lowered  to  a  magnitude,  two  times  less,  than  with  concentrated  acid 
and  three  times  less,  than  in  the  case  of  water..  Still  more  dilution  entails 


t 
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aai  increase  in  the  duration  of  the  induction  .period , 


Pig.  H.  Influence  of  concentrations  of  HNO3  pn  duration  of  induction 
period  of  disintegration  of  nitroglycerine  at  40  and  60°.  1)  Duration 

of  the  induction  period  in  %%  2)  Concentration  of  HNO3  in  %  weight. 

A  similar  picture  is  observed  also  at  40°.  Optimum  concentration  of  nitric- 

acid  in  this  case  is  2%,  With  this  concentration  of  HNO^  the  induction  period 

of  disintegration  of  nitroglycerine  is  3  times  less  than  in  the  case  of  lOOJ^ 

« 

nitric  acids  and  10  times  less  than  in  the  case  of  water,  added  to  nitro  ester 
in  a  quantity  nearly  0.2^6  weight.  Examining  these  facts  one  should  consider 
that  nitric  acid  not  only  plays  the  role  of  catalyst  of  hydrolysis,  but  also  is 
the  oxidizer.  Therefore  optimum  concentration  of  HNO^.,  introduced  into  nitro¬ 
glycerine,  is  a  certain  magnitude,  totally  reflecting  its  composition,  optimum 
for  each  of  the  separate,  processes,  taking  place  in  nitro  ester. 

Thus,  the  experiments  conducted  show  that  water  and  nitric  acid  develop 
their  own  accelerating  action  on  disintegration  of  nitroglycerine,  leading 
to  a  shortening ’of  the  induction  period  in  all  the  studied  range  of  temperatures 
(40-100°).  However,  if  water  affects  disintegration  at  all  temperatures  to 
an  approximately  identical  degree,  the  influence  of  nitidc  acid  is  Abruptly 
increased  with  a  lowering  of  temperature. 

During  disintegration  of  nitroglycerine  complicated  reactions  take  plnce 
of  thennal  and  hydrolytic  deccanposition  with  participation  of  water  added  and 
formed  with  these  processes.  Hydrolysis  is  catalyzed  by  acid.  Products  of 


.f  < .  > 


disintegration  are  oxidized  by  nitric  acM  arid;  (wc^es  of  nitrogen  fomed-  dur:^ 
hydrolysis,  or  added  nitric  acid.  ]^e'  to  the  ccmpl^ty  of  the  totality  of  these 
reactions  it  is  difficult  to  definitely  explain  the'  rules  obtained;.  Ihe  :^si- 

,  .  tion  is  complicated  still  further  by  the  fact  that  water  fulfills  not  only  the 

ij  .  .  ,  '  ,  . 

'/  -J  ftmction  of  participant  of  hydrolysis,  but  by  dilutijig  acid^  it  thereby  changes 

its  oxidizing  properties.  On  the  other  hand,  nitric  acid  is  hot  orily  a  catalyst 
of  hydrolysis  and  participant  in  the  oxidizing  reaction  as  a  result  of  ^ich 
water  is  formed,  hydrolyzing  nitro  ester,  but  it  is  able  to  sj^ritanequsly  de~ 
composet  with  the  formation  of  water  and  oxides  of  idtrogen. 

Examining  results  obtained  In  this  work  one  shotild  consider  the  change 

t  I 

;  i  of "specific  gravity"  in  the  separate  reactions  in  the  genersp.  coi^se  of  disin¬ 
tegration  of  nitroglycerine,  and  also  temperature  dependence  of  each  reaction. 

^  j 

■  y  Conclusions 

1.  We  have  studied  thermal  decomposition  of  nitroglycerine  in  the  presence 
j  of  water,  and  also  nitric  acid  of  different  concentrations  at  AO  -  100°  under 

the  conditions,  where  the  substances  added  to  nitro  ester  and  the  products  of 
disintegration  are  practically  completely  dissolved  in  it. 

2.  It  was  shown  that  water  reduces  the  induction  period  of  disintegration 
of  nitroglycerine  at  an  approximately  equal  degree  in  all  the  studied  tempera¬ 
ture  range,  whereas  nitric  acid  more  weakly  than  water  affects  disintegration 

: 

at  high  temperature  and  is  significantly  stronger  than  water  low  temperature, 

I  3*  With  the  help  of  extrapolation  we  estimated  the  time  of  induction  per  - 

iod  at  20®  humid  and  acid  nitroglycerine. 

A.  It  was  shown  that  at  AO  and  60°  the  one  most  strongly  reducing  the 
induction  period  of  decomposition  of  nitroglycerine  was  25  -  AO^  nitric  acid. 

5.  It  was  shown  that  water  and  nitric  acid  of  different  concentratims, 
introduced  into  nitroglycerine,  influence  mainly  the  processes,  reducLig  the 
induction  period.  The  stage  of  sharp  acceleration  of  disintegration  in 
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e3q>erl2&ent8  .vdth  additicn  of  water  iuid  ahc^.  the.  same  reguJ^itie's  that 
exist  with  pure  nitro^ceirine. 
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14.  On  The  Role  of  Nitrogen  Dioxide  In  The.  Self-Accelerated  Becoopoaitipn 

Nitrogen  dioxide  is  one  of  the  primary  products  of  the  thermal  disintegration 
of  nitro  esters  *  Z"lQ-7»  further  stages  of  this  disintegration  it 
fulfills  the  function  of  oxidizer  of  the  organic  part  of  the  molecule  —  this  was 
established  for  example,  on  alkylimonoitrates  C^J  —  and,,  jointly  with  >«ter 
(forming  acid),  the  function  of  a  catalyst  of  the  hydrol^ic  disintegration  of 
I  nitrate  C^J  • 

I 

j  The  role  of  nitrogen  dioxide  is  especially  essential  in  decoe^ositipn  at 

i 

I  relatively  low  temperatures,  ^dien  its  solubility  in  liquid  nitro  esters  is  gre&t. 

'  The  magnitude  of  solubility  already  was  marked  earlier  C^*  l^owever, 

no  quantitative  evaluation  of  it  was  perfonaed. 

1 

This  work  is  devoted  to  the  determination  of  the  solubility  of  nitrogen 
dioxide  in  one  of  the  most  practically  important  nitro  esters  -  nitroglycerine. 

For  investigation  nitroglycerine  purified  by  double  distillation  in  high 
vacuum,  with  t^  =  12. 9",  was  applied.  Nitrogen  diox.de  was  prepared  by  the 
decomposition  of  nitrate  of  lead  with  subsequent  distillation  of  oxygen  aid  dxying 
by  P2O5. 

Two  methods  were  used  to  determine  solubility:  weight  and  manometric.  By 
the  first  method  100  -  150  mg  of  nitroglycerine  were  placed  in  the  cup  of  quartz 

I 

spring  scales,  suspended  in  a  cylinderic  vessel  located  in  a  thermostat.  After 


•^^tudent  Yu.  B.  Dodonov  took  part  in  conducting  the  experiments. 


•imcuAtion  nitrpgtn  dioxidt  m*  adeitttd  into  ths  vtsidl;  its  prtssurs  was 
aaintaijMd  constant  and  eontrolXsd  by  a  glass  coopensation  nanonstar  of  the 
Bourdon  type  (see  /”2j7)  with  an  accuracy  of  i  0,5  wn  Hg.  Dissolution  was 
coe^leted  after  approximately  20  min.  The  quantity  of  dissolved  oxides  of 
nitrogen  wsa  established  with  an  accuracy  ±  0.15  mg  by  the  increase  in  weight  of 
nitroglycerine.  Volatilization  of  the  nitro  ester  from  the  cup  during  the 
ejq)erinsnt  did  not  occur  |  this  \mB  determined  at  the  end  of  the  experiment  after 
exhausting  of  oxides  of  nitrogen. 

^  the  second  method  about  1  g  of  nitroglycerine  was  placed  in  an  ampule 
connected  with  a  glass  manometer,  and,  after  thorough  evacuation,  a  known  quantity 
of  nitrogen  dioxide  was  introduced,  with  cooling  by  liquid  nitrogen.  Then  the 
ampule  was  unsoldered  from  the  installation  and  placed  in  a  thermostat.  Dissolution 
of  nitrogen  dioxide  during  energetic  shaking  of  the  ampule  occurred  after  5  min. 

The  quantity  of  nitrogen  dioxide  dissolved  in  nitroglycerine  was  judged  by  the 
change  of  pressure,  taking  into  account  the  equilibrium  NO2  N20^according  to 
Bowdenistein  Cif- 

The  weight  method  was  used  to  determine  the  dependence  of  the  solubility  of 
nitrogen  dioxide  in  nitroglycerine  on  its  equilibrium  pressure.  The  determination 
was  made  during  a  change  in  the  pressure  of  oxides  of  nitrogen  from  1(X)  to  900  mm 
Hg  in  the  temperature  interval  of  *20  to  80® . 

Results  of  experiments  show  that  the  solubility  of  nitrgoen  dioxide  in 
nitroglycerine .is  proportional  to  its  pressure  in  a  degree  of  1.5  -  2.3  (Fig.  1). 
With  this  there  is  observed  a  growth  of  this  index  with  temperature. 

Partial  pressure  of  tetroxide  of  nitrogen  in  the  equilibrium  system  NO2  - 
N20/^  is  approximately  proportional  to  the  general  pressure  of  the  mixture  in  a 

^asversibility  of  dissolution  was  chocked  during  subsequent  heating  and 
cooling  of  the  ampule.  Equilibrium  pressures  with  this  were  reproduced  with 
sufficient  accuracy  (±  1  -  2  nm  Hg). 


degree  of  1.4  -  1.9.  This  allows  to.  assiaae  that  under  the  experimental  conditions 
is  dissolved  in  nitroglycerine  basically  the  tetr oxide  of  nitrogen.  In  case  of 
correctness  of  this  assumption,  the  quantity  of  dissolved  oxides  of  nitrogen, 
if  their  solubility  corresponds  to  the  law  of  Henry,  should  have  been  proportional 
to  the  partial  pressure  of  N  O,  in  an  equilibrium  gaseous  mixture  of  oxides  of 
nitrogen.  In  Fig.  2  is  shown  the  dependence  of  solubility  of  N,  expressed  in 
molar  fractions  of  tetroxide  of  nitrogen  in  nitroglycerine,  frcm  on  the  partial 
pressure  of  N202^  calculated  according  to  Bowdenistein 


Fig.  1.  Influence  of  general  pressure  of  oxides  of  nitrogen  on  their 
solubility  in  nitroglycerine  at  different  temperatures. 

1)  Concentration  of  oxides  of  nitrogen;  2)  log  /*mm  Hg^. 

The  linearity  of  the  connection  of  solubility  with  the  calculated  partial 

pressure  of  the  tetroxide  confirms  the  assumption  that  it  is  chiefly  this 

tetroxide  of  nitrogen  that  is  dissolved  in  nitroglycerine.  At  the  same  tiH»,  as 

can  be  seen  from  the  graph,  the  influence  of  the  pressure  of  N20^  on  its  solubility 

corresponds  to  the  law  of  Henry: 

N  «  K  •  PN2O4, 

■where  N  -  concentration  N20^  in  nitroglycerine  in  molar  fractions;  K  -  constwit  of 
solubility  in  PN2O4  -  i^rtial  pressure  of  tetroxide  of  nitrogen  in  mm  Hg. 


Exporintnts  wore  also  c(»iduct«d  on  the  determination  of  the  influence  of 
temperature  on  solubility  of  nitrogen  tetr oxide  ih  nitroglycerine,  for  vdiich, 
at  constant  pressure  of  oxides  of  nitrogen,  the  experimental  temperature  ms 
van'ied  from  30  to  80®.  Constants  of  solubility  for  each  experiment  in  this  case 
were  calculated  by  the  division  of  the  general  concentration  of  oxides  of  nitrogen 
in  the  solution  in  molsj  fractions  of  the  tetroxide  by  its  partial  pressure  in  an 
equilibrium  mixture. 

The  values  of  solubility  constants  determined  by  the  weight  and  manoraetric 
methods  are  shovm  in  the  table. 

As  can  be  seen  from  the  table,  the  results  obtained  by  the  weight  and 
manoraetric  methods  are  in  quantitative  agreement. 


Table 

Dependence  of  solubility  constant  of  nitrogen  tetroxide  in  nitroglycerine 
(in  mm“^  10^)  on  temperature 


/  MetoA 

1  *( 

C 

OMIC* 

aoe  «90Ta  ^ 

MM  pi,  CT. 

B 

»  ! 

1 

B 

SO 

B 

70 

B 

Ik’cueaa  ^ 

17.3 

11,5 

7.52 

5,«3 

4,53 

3.02 

1,« 

KXMnr 

10.3 

7.57 

3.33 

4.73 

3,24 

2.54 

eoo** 

7.30 

5.23 

4.10 

2.47 

l.» 

780** 

Mjeumif  4 

W.3 

10.3 

7.52 

5,27 

4,01 

2.33 

t.w 

.611  (npM  )  • 

17,3 

11.7 

3,03 

5,37 

4,« 

3.34 

2.10 

556  <iipM  80']^  ^ 

Cec4We  3M«h 

17,0 

11.1 

7.7 

5.5 

4.4 

2.2 

2.1 

1)  Method  of  determination;  2)  Temperature,  ®C;  3)  Pressure  of  oxides  of 
nitrogen,  nan  Hg;  4)  Vfeight;  5)  Manoraetric;  6)  Mean  value;  7)  (at  80®). 


^^Solubility  determined  at  constant  temperature  and  change  of  pressure. 
Constants  are  calculat.ed  by  the  method  of  least  squares. 

**Solubility  determined  at  constant  pressure  and  change  of  temperature. 


Fig.  2.  Influence  of  partial  pressure  of  N2O,  on  its  solubility  in 
nitroglycerine  at  different  twaperatxires . 

1)  Concentration  of  nitrogen  tetroxide,  N  molar  fractions;  2)  Pressure 

The  dependence  of  the  solubility  constant  of  nitrogen  tetreodde  in 
nitroglycerine  on  temperature  according  to  the  data  shown  in  the  table  to  is 


expressed  by  the  equation 


,  „  3060±100 
log  K  - 


8,032. 


On  the  basis  of  results  the  experiments  conducted  it  can  be  concluded  that 
in  presence  of  an  equilibrium  mixtiare  of  NO2 — N20^  nitroglycerine,  under 
conditions  of  correctness  for  the  given  case  of  the  law  of  Henry,  dissolves 
chiefly  the  tetroxide  of  nitrogen.  In  other  words,  the  equilibrium  determining 
the  relationship  NO2  and  ^20^  in  solution  is  displaced  in  the  direction  of  the 

formation  N20^,  which  is  in  agreement  with  the  determination  of  constants  of  the 

eouilibrium  _  _ 

shown  f  in  a  large  number  of  organic  solvents  /  Thus,  the  contents 

of  nitrogen  tetroxide  in  nitroglycerine  are  proportional  to  its  partial  pressure 

or  the  general  pressure  of  oxides  of  nitrogen  to  a  degree  of  1.5-2. 

This  conclusion  can  be  coopared  with  certain  kinetic  regularities  established 

by  us  during  investigation  by  the  manoaetric  method  of  t}»  self-accelerated 


decocposition  of  nitroglycerine  at  80-140°  and  of  nitroglycol  at  100°  in  the  liquid 
phase.  In  the  given  conditions  the  speed  of  gas  formation,  growing  slowly  in  the 
beginning  of  the  eacperiment,  starts  to  grow  much  faster  after  achievement  of 
definite  conditional  critical  pressure  of  gaseous  products  of  disintegrations, 
proportional  approxitaately  to  the  second  degree  of  pressure  of  gasifom  products 
of  deccajposition.  The  value  of  the  critical  pressure,  as  can  be  seen  froa  data 
to  be  mentioned  later,  is  significantly  increased  with  temperature. 

Change  of  critical  pressure  during  disintegration  of 

nitroglycerine  with  temperature 


iK, 

I*  / 

MM  ft.  CT. 

m 

0.000-0,00 

00-40 

too 

0,0015-0.00 

190-210 

130 

0.000-0,00 

400-500 

too 

0.015 

1000 

140 

0.029 

1)  Per,  mm  Hg. 

800 

It  is  natural  to  assume,  proceeding  from  the  presence  of  critical  pressure, 
that  a  sharp  acceleration  of  the  decomposition  of  a  nitro  ester  sets  in  only  at 
the  achievement,  in  the  liquid  phase,  of  a  definite  concentration  of  dissolved 
gasiform  products  of  disintegration. 

In  a  comparison  of  the  indicated  regularities  of  the  self -accelerated 
decomposition  of  nitro  esters  with  the  .influence  of  the  pressure  of  oxides  of 
nitrogen  on  the  solubility  of  in  nitroglycerine,  it  is  possible  to  consider 
that  sharp  acceleration  of  disintegration  is  caused  by  the  reaction  in  ths  liquid 
phase,  with  the  participation  of  tetroodde  of  nitrogen.  The  speed  of  this 
reaction  is  proportional  to  the  concentration  or  partial  pressure  of  nitrogen 
tetroxide,  and  consequently  to  the  pressure  of  an  equilibrium  mixture  of  oxides  of 
nitrogen  to  a  degree  near  to  two. 

^Degree  of  filling  of  reaction  vessel  corresponds  to  the  ratio  of  the 
volume  of  nitro  ester  to  that  of  the  ampule. 

^94 


Inasmuch  as  tha  fraction  of  nitrogan  dioxida  in  gasifom  products  of  tha 
decCTiposition  of  nitroglycerins  at  the  achievwaent  of  critical  pressure  is 
approximately  constant  and  constitutes  about  40  -  60^  O^J >  the  proportionality 

of  disintegration  rate  to  the  square  of  the  general  pressure  of  gasiform  products 
becomes  clear. 

If  one  were  to  allow  that  the  established  temperature  dependence  of 
solubility  is  correct  in  the  region  of  elevated  temperatures,  then  by  extrapolation 
it  is  possible  to  estimate  the  concentration  of  nitrogen  tetroxide  in  nitroglycerine 
which  corresponds  to  critical  pressure.  This  concentration  in  weight  percent 
constitutes ; 

“2^  -2 
at  80®  0,1  —  0,4*  10  at  100®  0,3  —  0,3  •  10 

at  120®  0,3  —  0,8  •  10“^^j  at  140®  0,4—  1,2  •  10~^^. 

1 

I  In  examing  these  values,  it  is  necessary  to  consider  the  relatively  limited 

i 

I  amount  of  data  about  the  contents  of  nitrogen  dioxide  in  gasiform  products  of 

■;  disintegration  at  the  attainment  of  critical  pressure,  and  also  the  possible 

I  influence  on  the  solubility  of  N20^  of  other  products  of  decomposition,  vdiich 

»  was  not  determined. 

I 

j  Presence  of  critical  pressure,  apparently,  is  stipulated  by  the  fact  that  in 

1 

5  beginning  of  disintegration  the  concentration  of  tetroxide  of  nitrogen  in 

'  nitroglycerine  is  small,,  and,  consequently,  the  speed  of  the  reaction  in  idiich  it 

i 

I 

takes  part  is  also  small  as  compared  with  the  primary  reaction.  The  concentration 

i 

‘  of  in  the  liquid  phase  grows  by  the  measure  of  decomposition  of 
nitroglycerine  and  at  attainment  of  critical  pressure  it  reaches  a  value  at  vdiich 
the  reaction  in  vdiich  it  participates  starts  to  predominate  over  the  primary  one. 
Therefore  at  a  known  moment  the  disintegration  rate  beccaaes  approximately 
proportional  to  the  second  degree  of  the  pressure  of  products  of  disintegration. 

In  the  given  work  we  will  not  touch  in  detail  the  question  of  the  mechanism 
of  self~sccel©rated  decomposition  of  nitroglycerine j  however,  the  assumption  about 


the  leading  role  of  nitro^n  tetroxide  doee  not  contradict  the  hypotheais  of  the 
hydrolytic  character  of  disintegration  -with  subsequent  interaction  of  interiasdiate 
products  /”3_7.  Indeed,  according  to  the  data  of  G.  N.  Bespalov  /”4_7,  hydrolytic 
intei action  of  water  Vdth  nitroglycerine  in  the  presence  of  the  acid  formed  with 
this  proceeds  very  fast.  If  one  were  to  proceed  frcaa  this,  then  it  is  possible  to 
consider  that  during  the  self-accelerated  decanposition  of  nitroglycerine,  when 
the  quantity  of  NO2  in  products  of  disintegration  is  great  and,  consequently,  the 
speed  of  formation  of  nitric  acid  is  great,  the  speed  of  the  hydrolytic  reactions 
catal^ed  by  the  acid  is  also  great.  Certainly,  therefore,  in  the  sequence  of 
two  processes  one  of  >diich  evokes  the  disappearance  of  water  because  of  hydrolysis 
and  the  other  its  formation  as  a  result  of  oxidation  of  organic  products,  the 
reaction  controlling  the  speed  of  decoo^osition  is  the  slower,  i.e,,  oxidation. 
Assuming  that  during  the  decomposition  of  nitroglycerine  oxidation  proceeds 
basically  with  the  participation  of  nitrogen  dioxide,  it  is  possible  to  expect 
that  at  the  stage  of  sharp  acceleration  the  speed  of  deccnqjosition  should  be 
proportional  to  the  concentration  of  N20^,  since  the  dioxide  is  joined  in  the 
tetroxide  in  solution.  In  such  a  case  the  disintegration  rate  should  bo 
proportional  to  the  square  of  the  general  pressure  of  gasiform  products  of 
decomposition,  vdiich  is  confirmed  by  experiuwnt. 

Study  of  the  thermal  decomposition  of  nitroglycol  showed  that  after 
achievement  of  a  definite  critical  pressure  of  products  of  disintegration  the 
•peed  of  gas  formation,  as  in  case  of  nitroglycerine,  becomes  proportional  to  the 
square  of  pressure.  Therefore  it  is  possible  to  consider  that  the  described 
scheme  of  self -accelerated  decomposition  of  nitroglycerine  applies  also  to  the 

disintegration  of  nitroglycol. 

»*  • 
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V.  V.  Gtorbunov  and  B.  S.  Svetlov 

15.  Qti  the  Role  of  Goixienaatian  Products  in  the  Disintegration  of  Nitro¬ 
glycerine. 

Thermal  deccnposition  of  nitroglycerine  (Nl)  in  certain  conditions  proceeds 
in  two  phases:  after  a  relatively  prolonged  induction  period  there  is  a  stage 
of  sharp  acceleration,  characterized  by  fast  growth  of  speed,  which  with  this 
beccmes  proportional  to  approximately  one  square  of  pressure  of  gas  products 

C^J *  Reduction  of  the  induction  period  with  increase  of  degree  of  filling 
of  ampoule,  the  necessity  of  the  presence  of  a  certain  "critical"  pressure  for 
transition  of  the  first  stage  to  the  second,  directs  experiments  on  the  action 
of  gas  products  of  disintegration  on  the  decomposition  of  NG  -  all  these  observa¬ 
tions  confirmed  the  earlier  eijqjressed  assumption  5 ij  about  the  fact  that 
in  the  indicated  acceleration  a  large,  if  not  decisive  role,  is  played  by  the 
products  of  disintegration,  possessing  high  volatility.  These  products,  apparent- 
Iv,  are  water,  oxides  of  nitrogen  and  nitrogen  containing  acids.  If  the  contents 
of  them  in  NG  attains  a  definite,  level,  then  as  Z~2_7  C^J  C^J  consider, 

this  evokes  sharply  accelerated  decomposition,  conditioned  by  the  hydrolytic  and 
oxidizing-reduction  interaction  of  the  indicated  substances  with  nitro  esters  or 
with  products  of  its  disintegration.  However  side  by  side  with  volatile  sub¬ 
stances  in  the  course  of  decomposition  of  NG,  apparently,  will  be  formed  also 
nonvolatile  intermediate  products  the  possible  influence  of  which  on  dis¬ 

integration  of  nitroglycerine  still  has  not  been  considered. 

In  this  work  an  attmnpt  was  undertaken  to  show  the  presence  of  and  to 
estimate  the  role  of  condensation  products  in  the  disintegration  of  NG.  By  the 


I 


V 


ti. 


manonetric  method  we  conducted  decomposition  of  NG,  after  which  the  gaseous 

and  easily-volatile  products  were  removed  and  the  deccmpositiwi  of  the  raoaintng 
substance  was  studied.  It  turned  out  that  removal  of  volatile  substances  from 
partially  decomposed  nitro  esters  occurs  with  very  much  difficulty  and  for  its 

/  -4  -5 

full  completion  it  is  necessary  to  apply  a  vacuum  (residual  pressure  10  -  10 

mm  Kg)  in  combination  with  a  trap  cooled  by  liquid  nitrogen  for  the  duration  of 
several  days.  The  completeness  of  removal  of  volatile  products  was  controlled 
by  the  change  of  pressure  in  the  disconnected  pumps  and  trap.  As  the  experiment 
showed,  gas  formation  at  decomposition  of  the  substance  received  in  this  manner 
is  characterised,  first,  by  a  very  large  initial  speed,  secondly,  not  by  accelera- 
ation,  but  delay  in  time  and,  third,  by  the  absence  of  the  brown  color  of  g&B 
products  with  small  contents  of  gases  in  them,  condensed  at  room  temperature 
(near  20j5).  QnJ^  significantly  later,  when  sharp  acceleration  occurs,  the  gas 
phase  was  the  color  of  nitrogen  peroxide. 

In  first  series  of  e3q)eriments  initially  was  decomposed  at  a  degree  of 
filling  of  the  vessel  *  =0,20  and  temperature  100®  to  a  pressure  of  gas  pro¬ 
ducts  2800  ram  Hg  i^ich  corresponds  to  approximately  IC^  disintegration.  After 
continuous  evacuation  of  volatile  substances^  for  the  duration  of  three  days, 
with  this  product  the  experiments  were  continued  at  70  -  100*^  and  I  w  0.03  -  0.04. 
As  can  be  seen  from  the  results  obtained  (fig.  1),  gas  formation  in  time  occurs 
on  a  saturable  curve,  \diich  then  changes  into  a  straight  line  with  a  speed,  many 
times  exceeding  the  speed  of  gas  formation  at  disintegration  of  fresh  nitro¬ 
glycerine  on  the  first  stage.  If  one  were  to  conduct  an  experiment  to  large 
pressures  (over  600  -  700  mm  Hg  at  100®),  then  the  approach  of  sharp  acceleration 

1.  In  preparation  of  each  e:!q)eriment,  an  ampoule  containing  a  product  was  prfo- 
liminarily  evacuated  for  not  less  than  24  hours. 


of  disintegration  is  observed. 

On  the  speed  of  gas  formation  of  partially  decomposed  NG  the  temperature 
influences  significantly  less,  than  at  disintegration  of  fresh  nitroglycerine, 
and  the  temperature  coefficient  leads  to  magnitijde  E  in  Arrhenius  equation  of 
nearly  20  kilocalories/mole. 

In  the  second  series  of  experiments  NG  was  used,  obtained  by  deccmposition 
at  •  =0.24  and  temperature  100°  with  a  degree  of  disintegration  of  about 
The  insufficiently  evacuated  product,  having  at  90°  an  initial  pressure  of  about 
30  mm  Hg,  was  decomposed  on  the  saturable  curve  only  the  first  40  minutes  after 
which  a  sharp  acceleration  of  disintegration  occured.  A  well-evacuated  product 
(initial  pressure  approximately  8ian  Hg)  under  analogous  conditions  (90°  and 
I  =  0.04)  gave  a  curve  of  gas-formation  identical  to  the  one  which  was  obtained 
in  the  first  series  of  experiments. 


Fig.  1.  Thermal  decanposition  of  nitroglycerine  with  a  10^  degree 
of  disintegration  after  removal  of  gaseous  ard  easily-volatile 
products  from  it  in  ccxaparison  with  fresh  JKr  (temperature  pf  experi¬ 
ment  70  -  100°,  •  =  0,03  -  0,04).  1)  Volume  of  gaseous  products  of 
disintegration  V  cm  3/gj  2)  TimerCminutes;  3)  Fresh  NG  100°. 
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An  experimtnt  wm  undtrUkan  to  s«p«r*te  the  condeheetion  products^j,  for 
I  which  partiiUy  deccnpoetd  NG  after  thorough  evacuation  was  poured  in  a  super- 
I  cooled  state  into  a  test  tube,  on  the  bottom  of  which  were  crystals  of  nitro¬ 
glycerine  and  kept  for  one  auwith  at  a  temperature  of  approximately  0^.  As  a 

I 

I  result  of  this  the  product  was  divided  into  two  fractions;  liquid  and  solid 
(in  these  c(»iditi<ms)  ^  which  were  \is^  for  further  study  of  disint^ation  of  NG. 

If  thermal  decompositim  of  the  product  before  cx^tallisation  had  a  quantita¬ 
tive  similarity  with  decomposition  of  the  substvice  of  the  first  series  (see 
fig.  1),  then  the  separated  liquid  fraction  was  decomposed  significantly  faster 
(approximately  by  5  times) .  The  substance  of  the  solid  fraction  was  decomposed 
at  110^  with  speed  of  gas  fomation  and  induction  period^  approodmately  correspond¬ 
ing  to  fresh  nitroglycerine  in  these  conditions  (fig.  2). 

Here  are  the  results  of  expei^aents  on  disintegration  at  90-110^  of  the 
liquid  fraction  of  the  substance,  obtained  after  crystallisation.  At  100  and  110° 
pressure-time  curves  in  the  decomposition  of  this  product  throughout  the 
entire  experiment  have  a  saturable  character.  However  this  dependence  do^M  not 
conform  to  equations  of  reacticxis  of  the  first  or  the  s^ond  order.  Initial 
speed  of  gas  formati>:«i  of  partially  decomposed  nitroglycerine  is  very  great  and 
approximately  a  thousand  times  more  than  the  initial  speed  of  gas  fomation  in 
the  disintegration  of  fresh  nitroglycerine.  At  90^  decomposition  in  the  beginning 
has  the  same  character  as  at  a  higher  temperature,  but  upon  achievement  of  a 
certain  pressure  (near  1000  mm  Hg)  is  accelerated.  Addition  of  water  to  the 
liquid  fracticn  of  the  substance  in  this  case  does  not  change  the  initial  stage, 
but  evokes  sharp  acceleration  of  disintegration  significantly  earlier*  Besides 
these  two  series  of  esqperiments,  separate  experiments  were 

1.  The  presence  of  nonvolatile  intemediate  products  in  the  disintegration  of  H6 
was  confirmed  by  M.  S.  Plyasunov  by  depress!'^  of  temperature  of  melting,  idiich 
in  the  case  of  disintegration  of  this  nitro  ester  *  =*  0.02  ml  120°  to  3% 
constituted  4°. 
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disintegration  after  removal  from  it  of  gaseous  and  easily-volatile 
products  and  crystalli25ation,  in  comparison  with  fresh  NG  (temperature 
of  experiments  90  -  1109*  =  0*006).  1)  2)  3)  Liquid  fraction  after 
ciystallizationj  4)  The  same,  but  vdth  1.7/^  by  weight  water*,  5)  Solid 
fraction  after  crystallization^  6)  Fresh  NG.  (1)  Volume  of  gaseous 
products  of  disintegration j  (2)  Time *■€  minutes  J  (3)  Preasure  p  un 

conducted,  which  showed  that  the  picture  of  disintegration  of  partially  decom¬ 
posed  nitroglycerine,  liberated  at  the  stage  of  sharp  acceleration  from  volatile’, 
products,  does  not  depend  on  idiat  nitro  ester  was  initially  applied:  dry,  wet  or 
acid.  Titrating  by  an  alkali  with  phenolphtalein  of  the  aqueous  extract  of 
partially  deccmposed  NG  after  its  thorough  evacuation  from  volatiles  showed  that 
in  the  product  there  is  nearly  acid  in  conversion  to  oxalic. 

The  totality  of  facts  obtained  can  be  explained  if  one  were  to  proceed  from 
the  following  positions.  In  the  disintegration  of  NG  inteimediate  difficultly- 
volatile  products  win  be  formed,  sigiificantly  less  stable  at  heating,  than  nitro 
ester  itself.  The  content  of  these  products  is  small  and,  apparently,  does  not 
exceed  10^,  in  accordance  with  the  eoall  degree  of  disintegration  of  NG  under  the 
conditions  of  our  experiments.  Decomposition  of  intermediate  products  leads  to 
formation  of  substances  of  comparatively'  weakly  accelerating  disintegration  of 
NG.  Theref ore,  upon  heating  of  partially  deccmposed  NG  gasj. formation  in  the  be¬ 
ginning  occurs  basically  as  a  rdsult  of  disintegration  of  intermediate  products. 

^  # 

By  measure  of  decrease  of  quantity  of  the  latter,  gas  formation  is  delayed  and 
■ - - - — - - - - 


Specific  gravity  of  gas  fpimticai  is  inerted  due  to  deccaposition  of  NG. 


Fig.  3«  Themal  disintegration  of  partially  decomposed  nitroglycer¬ 
ine,  after  removal  from  it  of  gaseous  arvi  volatile  products  in  com¬ 
parison  with  fresh  NO  in  the  presence  of  0.7;^  wei^t  oxalic  acid, 
(temperature  of  experiment  100® j  I  =  0.03).  1)  Partially  decomposed  . 

(from  the  first  series  of  experiments),;  2)  NG  with  O.TJf  by  weij^t 
oxalic  acid.  (1)  Volume  of  gaseous  products  of  disintegration 
(2)  Times "C  minutes. 

Further  disintegration  can  lead  to  a  self-accelerated  process,  detennined  basic¬ 
ally  by  decomposition  of  nitroglycerine. 

It  is  necessary  also  to  note  that  the  change  of  gas  formation  in  time  dpon 
disintegration  of  partially  decomposed  NG  takes  place  qualitatively  similar  with 
disintegration,  of  fresh  NG  in  the  presence  of  oxalic  acid  (fig.  3),  which,  ac¬ 
cording  to  the  data  of  G,  N.  Bespalov  C^J >  initial  stage  proceeds  with 

a  great,  but  decreasing  in  time,  speed,  ten  times  exceeding  the  speed  of  gas 
formation  in  the  disintegration  of  pure  NG^.  On  the  subsequent  stage  there  is 
sharp  acceleration  of  disintegration,  and  then  the  gas  phase  on  a  secticai  to  the 
beginning  of  this  stage  remains  colorless.  Addition  of  water  to  NG  with  a  large 


1.  An  analogous  curve  is  obtained  in  the  decomposition  of  diglycoldinitrat©  in 
the  presence  of  oxalic  acid. 


quantity  of  oxalic  acid  leads  to  a  jdcture  of  gas  formation,  qualitatively 
similar  to  that,  vrhich  is  obtained  for  disintegration  of  partially  decompose 
iiitroglycerine  in  the  presence  of  water.  Thus^  as  under  the  conditions  of  thermal 
deccmposition  of  JKJj  formation  of  nonvolatile  acid  is  not  excluded  as  a  result  of 
oxidizing-reduction  reactions'^,  such  a  similarity  can  not  be  limited  only  to  the 
formal  side. 

Conclusions 

1.  liberation  of  ni.troglycerine  deccenposing  at  the  stage  of  sharp  accelera¬ 
tion  from  gaseous  and  eafisily-volatile  products  does  not  vindicate  the  initial 
picture  of  disintegration  of  nitro  esters, 

2.  'Gas  formation  in  the  disintegration  of  partially  decomposed  nitrogly^ 
cerine  after  liberating  it  from  volat?J.e  products  proceeds  with  a  very  great 
speed  -which  dimishes  in  time,  the  temperature  coefficient  of  ^ich  is  less  than 
in  the  decomposition  of  pure  nitroglycerine. 

3.  Disintegration  of  partially  decomposed  nitroglycerine  is  qualitatively 
similar  with  disintegration  of  this  nitro  ester  in  the  presence  of  oxalic  acid. 

4.  Thermal  disintegration  of  partially  decomposed  nitroglycerine  proceeds 
as  if  in  it  there  were  diffi.cultly-volatile  products,  the  constant  of  speed  of 
decomposition  of  vrhich  significantly  exceeds  the  constant  of  disintegration  rate 
of  the  nitroglycerine  itself. 

5.  In  self -accelerated  deccmposition  of  nitroglycerine  in  the  presence  of 
products  of  disintegrationji  the  speed  of  the  process  is  determined  not  only  by  the 
easily-volatile  products,  but  also,  apparently,  by  the  formation  of  nonvolatile 
intermediate  products  of  deccmposition. 

1,  Analysis  of  partially  decomposed  NG  after  removal  of  volatile  products 
maintains  the  presence  of  nonvolatile  acid  in  it. 
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V,  V.  Gorbunov 

the  Solubility  of  Water  in  Nitroglycerine 
V/ater  shows  a  strong  accelerating  action  on  the  thermal  decomposition  of  many 
nitro  esters.  This  action,  it  is  considered,  is  conditioned  by  its  hydrolytic 
interaction  with  nitrates  /”l7  Z”i7»  Naturally  it  is  quantitatively  con¬ 

nected  with  the  contents  of  water  in  the  nitro  ester.  Therefore  for  its  detailed 
consideratiOT.  and,  in  particular,  for  a  more  precise  definition  of  the  mechanism 
of  the  indicated  interaction,  it  is  necessary  to  know  the  solubility  of  water  in 
nitro  eaters.  This  work  is  basically  devoted  to  the  determination  of  the  solubilit 
of  water  in  nitroglycerine  (N6),  by  whose  example  the  role  of  water  in  the  decom» 
position  nitro  esters  was  studied  in  the  most  detail. 

For  the  investigation  we  used  NG  purified  by  double  distillation  in  high 
vacuum,  with  a  melting  temperature  of  12,9®.  Experiments  vrere  conducted  by  the 
raanometric  methodology  in  the  following  form:  in  the  arapiile  of  a  glass  man- 
ooeter  of  the  Bourdon  type  >d.th  a  volume  of  10-12  cm^  we  placed  about  0.5  g  NGj 
after  evacuation  to  full  removal  of  volatiles  a  definite  quantity  water  vapor  was 
introduced  into  the  ampule.  For  that  we  filled  a  glass  sphere  of  known  volume 
with  water  vapor  and  measured  its  pressure  and  tenperature.  The  quantity  of  water 
in  the  sphere  was  calculated  by  data  for  superheated  steam  •  I'*'  was  establish¬ 

ed  that  if  into  an  evacuated  ampule  not  containing  NG  we  introduce  water  vapor 
with  a  ratio  of  pressure  in  the  dosing  sfdiere  to  the  vapor  tension  of  saturated 
steam  at  the  same  temperature  of  p/pg  “  0,52  -  0.84,  then  after  holding  in  a 
thermostat  at  100®  a  pressure  was  established  in  the  ampule  some  26  -  40^  higher 
than  the  calculations  would  indicate.  This,  apparently,  was  stipulated  hy  the 
adsorption  of  water  on  walls  of  dosing  sphere,  not  Ibaken  into  account  under  the 


experimental  conditions.  The  magnitude  of  this  adsor^idn,  according  to  the 
data  Mak-Ben  CQ »  starts  to  increase  abruptly  at  p/pg  larger  than  0.6.  In  order 
to  decrease  the  role  of  adsorption,  the  dosing  sphere  with  water  vapor  is  heated 
to  a  tengjerature  of  60  -  100®,  In  connection  with  this  the  accuracgr  of  measure~ 
ment  of  water  vapor  pressure  is  increased  airaaltaneously,  cwing  to  the  growth  of 
its  absolute  magnitude.  As  a  res’olt,  the  pressure  of  water  vapor  in  the  ampule 
without  NO  at  the  experimental  tecgserature  did  not  exceed  the  calculated  by  more 
than  1,0  -  1,5p.  After  the  introduction  of  water  the  ampule  was  unsoldered  from 
the  installation  and  placed  in  a  liquid  thermostat,  V/ith  energetic  shaldng  of 
the  ampule  the  dissolution  of  water  in  NG  was  coaroleted  after  10  -  15  min,  which 
was  determined  by  the  establishment  of  a  constant  pressure.  Proceeding  from  the 
equilibrium  pressure  of  water  vapor  over  NG  and  the  general  quantity  of  intro¬ 
duced  water,  we  calculated  its  content  in  the  condensed  phase.  The  determination 
of  solubility  was  made  at  temperatures  of  30  -  90®  in  the  interval  of  pressxires 
frm  16  to  120  mm  Hg 

Inasmuch  as  the  molar  concentration  of  water  in  solution  did  not  exceed  2^,  and 
pressure  of  water  vapor  was  significantly  less  than  its  value  for  the  satiirated 
state,  it  was  assumed  that  the  solubility  of  water  in  MG  under  the  experimental 
conditions  obeys  the  regularities  of  the  solubility  of  gases  in  liquids.  The 
solubility  constant  was  calci:ilated,  in  agreement  with  the  law  of  Henry,  by  the 
division  of  the  concentration  of  water  in  KG  in  the  equilibrium  pressiire  of  its 
vapor. 


1 


Reversibility  of  dissolution  was  checked  by  subsequent  heating  and  cooling 
of  the  ampule.  The  difference  between  equilibrium  pressures  obtained  with  this 
was  no  more  than  2  mm  Hg, 


The  biggest  deviations  in  the  results  of  parallel  esqjeriments  from  the  mean  values 
were  at  low  and  at  high  temperatures  attained  lO^j  this,  apparently  was  stipulated 
by  the  small  absolute  values  of  pressures  in  first  case  and  by  the  flow  of  dis  - 
integration  of  NG  in  the  second  This,  in  a  significant  degree,  was  determined 
by  the  interval  of  temperatures  selected  for  study.  Dependence  of  constant  of 
solubility  on  temperature  is  depicted  in  Fig.  1, 

1l 


Fig,  1.  Dependence  of  solubility  of  water  vapor  in  nitroglycerine 

on  temperature, 

1)  Solubility  constant  K  (l/mm  Hg)  lO^j  2)  Temporaturo  in  ®C. 


^  Ratio  of  the  equilibrium  pressure  of  water  vapor  over  NG  to  the  vapor 
tension  of  saturated  steam  at  the  ejxperiraental  tenperature  did  not  exceed  0»5, 
in  consequence  of  vAiich  the  influence  of  adsorption  under  the  experimental 
conditions  was  insignificant. 


Fig.  2.  Dependence  of  solubility  of  water  vapor  in  nitroglycerine 
on  temperature  in  coordinates  log  K  -  I/T. 

1)  Log  K  /Tl/nni  Hg)  .  2)  Tenqjerature,  (1/t)  ,  10^ 

This  dependence  can  be  expressed  by  a  straight  line  in  coordinates  log  K-I/T 

,  (Fig,  2)  and  by  the  equation  log  K  “  -9<.114+1550/T  corresponding  to  it.  In  the 

I 

I  table  (see  below)  are  given  the  average  esqperimental  values  of  solubility  con- 

I 

!  stantsand  the  results  of  extrapolating  them  at  higher  and  lower  temperatures. 

!  If  we  assume  that  the  solubility  of  water  in  NG  is  subordinated  to  established 

I 

I  regularities  in  the  interval  of  pressures  up  to  the  vapor  tension  of  saturated 

f 

I  steam,  then  it  is  possible  to  estimate  also  the  concentration  of  a  saturated 

i 

5 

1  solution. 

In  connection  with  the  fact  that  we  also  studied  the  influence  of  water  on 
the  thermal  disintegration  of  diglycoldinitrate  (DGKJ)  and  dinitroglycerine  (DNG), 
it  turned  out  to  be  interesting  to  ccmpare  the  solubility  of  H2O  in  these  nitro 
esters  with  its  solubility  in  KG,  In  the  interval  of  pressxires  from  23  to  240  nm 
Hg,  the  content  of  water  in  DGDN  at  120°  increases  proporticsially  to  the  increase 
of  the  pressure  of  its  vapor  (Fig,  3)#  idxich  indicates,  in  particular,  the  con- 
fomvity  of  this  dependence  to  the  law  of  Henry. 

*  Constants  of  this  equation  are  (ialculated  by  the  n^thod  of  least  squares. 
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The  solubility  constant  of  water  for  this  nitro  ester  is  ficsaewhat  less  than  for 
NG  and  equal  5.2  •  10**^  nDf^. 


Table 

Influence  of  tenqwrature  on  solubility  of  water  in  NG 


Tenney typ<  •  *C 

90 

30 

40 

50 

60 

70 

80 

i 

93  1 

i 

1 

100 

CyjuMi  MOMpiiMeHruuiHe 
Koectewm  pKTW^yMocTN  K  > 

— 

ds 

68 

49 

36 

■ 

26 

18 

13 

_ 

-- 

Ncwraue  KoneTaNTU  pee* 
TtOpMlMCTN  K  ■  JMT’i'lO* 

150 

96 

68 

47  ! 

34 

25 

19 

14  1 

11 

6.6 

1 

CoiH^xaNiie  MAM  •  KacwRieM- 
ww  Mcnope  ce  e  HfLl  t 
n  Mc. 

0.36 

0,31 

0.38 

0,44 

0,51 

0.58 

0,66 

0,74 

1 

1 

0,81 

1 

1 

0.97 

i 
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Temperature  in  ‘’Cj  2)  Mean  experimental  constants  K  of  solubility 
in  narl-.  10° j  3)-  Calculated  constants  K  of  solubility  in  *10°; 
4)  Content  of  water  in  a  saturated  solution  of  it  in  NG,  in  %  weight. 


DGN  has  significantly  greater  dissolving  abilityj  the  solubility  constant  of 
water  in  it  at  120®  equal  36  •  10  ram 


(3J  Aftru 


W  mpot  Mu  pr.cr. 


Fig.  3.  Solubility  of  water  in  nitroglycerine,  diglycoldinitrate, 
imd  dinitroglycerine  at  120®,  depending  upon  the  pressure  of  its 

steam. 

1)  Solubility  of  water  in  nitro  ester,  in  %  weight j  2)  pressure  of 
water  vapor,  f  HgO,  ram  Hgj  3)  DNGj  4)  NG  (by  calculation)}  5)  KJDN. 


I  The  latter  circumstance  should  be  considered  in  examining  the  esq^eriments  on  the 
study  of  the  disintegraticsi  of  moist  NG,  since  one  of  the  products  of  reaction  of 
hydrolysis,  apparently,  is  DNG,  whose  presence  can  additianaliy  increase  the 
solubility  of  vi&ter  in  nitroglycerine, 

! 

Another  product  of  the  hydrolysis  of  NG,  as  G,  N.  Bespalov  showed,  is  nitric 
:  acid,  ;diich  can  show  an  influence  on  the  solubility  of  water  in  a  nitro  ester. 
Therefore  in  this  work  we  estimated  the  solubility  of  H^O  in  acid  NG,  The  add¬ 
ition  in  the  system  NG  -  H2O  of  one  volatile  component  led  to  the  necessity  of 
analysis  the  gaseous  and  liquid  phases  for  contents  of  nitric  acid.  The 
instrument  for  determination  of  solubility  of  water  in  acid  NG  (Fig,  4)  was  a 
combination  of  two  glass  manometers  (l)  of  the  Bourdon  type,  united  by  a  vertical 
cock  (2),  In  ampule  (3)  we  introduced  a  san^le  of  NG  and  evacuated  the  instnuaent 
to  the  removal  of  volatiles.  After  that  we  closed  the  vertical  cock  (2)  and  in 
vessel  (4)  measured  out  the  water  and  nitric  acid.  Anhydrous  nitric  acid,  con¬ 
taining  no  oxides  of  nitrogen,  was  obtained  directly  prior  to  the  experiment  by 
distillation  from  a  mixture  of  nitric-acid  potassium  and  concentrated  sulphuric 
acid,'  we  measured  it  out  in  the  form  of  vapor  \  analogously  as  with  water. 


Accuracy  of  dosage  was  checked  by  titration  and  also  by  means  of  cal- 
culAtion  according  to  law  of  state  of  ideal  gases.  Usually  the  errccr  did  not 
exceed 
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Fig,  Diagram  of  instrument  for  study  of  solubility  of 
water  vapor  in  acid  nitroglycerine. 

1)  ^^anoIBeters  of  Bourdon  type;  2)  Vertical  cocki  3)  Ampule 
for  NGj  A)  Vessel  for  water. and  HNO^j  5)  Ampule, 


Fig,  5.  Solubility  of  water  in  acid  and  neutral  nitroglycerine 
at  50  and  100®,  depending  upon  the  pressiu'e  of  its  vapor. 
(Contents  of  HNO^  in  acid  NG,  0.3  -  0,6%  ;-/0ight.). 

1)  Acid  NG  at  50® j  2)  Acid  NG  at  100® j  3)  Neutral  NG  at  50®; 

4)  Neutral  NG  at  100®;  5)  Solubility  of  water  in  nitroglycerine, 
in  %  weight;  6)  Pressure  of  vapor  P  HO,  mm  Hg, 
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After  the  introduction  of  the  additions  the  instruaent  vms  placed  in  a  theraostat 
and  the  vertical  cock  was  opened.  As  a  result  of  the  increase  in  the  vdliuM  "of 
the  system  and  the  solubility  of  water  and  nitric  acid  in  NG  a  decrease  in  pres¬ 
sure  occurred  vMch  continued  usually,  for  15  -  20  min.  After  the  jMressure  drop 
ceased,  we  closed  the  vertical  cock  atul  extracted  the  instrument  from  the  ther¬ 
mostat.  Ampule  (5)  was  cooled  by  liquid  nitrogen  and,  after  water  vapor  and 
HNO^  were  condensed  in  it,  was  unsoldered  fr<»n  the  instrument.  The  content  of 
HNO^  in  ampule  (5)  was  determined  by  reverse  titration  and  the  pressure  of  its 
vapor  over  the  solution  at  the  experimental  tecgjerature  was  calculated  accoi^ing 
to  the  law  of  state  of  ideal  gases.  The  pressure  of  water  vapor  over  the  solution 
was  found  by  the  difference  between  general  and  calculated  pressiires  of  HNO^  vapor^. 
Thus  we  established  the  equilibrivim  cooqjosition  of  the  gaseous  jdiase  over  SG. 

The  contents  of  water  and  acid  in  the  NG  were  determined  by  the  difference  be¬ 
tween  the  introduced  quantity  of  the  corresponding  substance  and  the  quantity  of 
it  in  the  gaseous-  phase.  This  methodology  was  applied  in  that  case  when,  after 
determination  of  solubility,  experiments  were  conducted  on  the  thermal  decaa- 
position  of  acid  NG  in  the  presence  of  water,  for  ^ich  we  used  the  I'lass  mano¬ 
meter  of  ampule  (3).  If  thermal  decomposition  did  not  occur,  then  we  separated 
the  liquid  phase  frcsn  the  gaseous  with  the  help  of  a  ^stem  of  cocks. 

Solubility  of  water  in  acid  nitroglycerine  was  determined  at  tenqjeratures  of 
50  and  ICX)®  and  contents  of  nitric  acid  in  NG  of  0.3  •“  0.6^  by  weight.  The 
dependence  of  solubility  of  water  in  acid  NG  on  the  pressure  of  its  vapor  is 
given  in  Fig.  5.  Here  for  ccmsparison  are  given  lines  3  end  U,  characteriiing  the 
solubility  of  water  in  a  neutral  product  at  the  same  teu^seratures.  IHie  content 

^  For  correctness  of  such  a  calculation  it  is  necessary  that  the  general 
pressure  of  the  mixture  of  vapors  of  water  and  HN0«  equal  the  sum  of  their 
pressures  taken  separately  in  the  same  conditions.^  As  was  i^own  by  control  ex¬ 
periments,  this  condition  is  fulfilled  with  an  accuracy  correcponding  to  that 
of  the  dosing. 


of  water  in  acid  NG  also  increases  ja'oportionally  to  the  increase  in  the  pressure 
of  its  vapor.  Compariscm  shows  that  the  addition  of  HKO^  to  NG  uiwier  the  eaqper- 
iaental  ccaiditions  increases  the  solubility  of  water  in  the  nitro  ester  by  5  -  7 
times.  Thus,  nitric  acid  formed  during  the  hydrolysis  of  NG  fulfills  the  functicxx 
of  catalyst  and  oxidizer,  and  also  promotes  an  increase  in  the  content  of  water 
in  the  liquid  phase  and,  c(»isequently,  hydrolysiss^ 

Conclusions 

1,  The  solubility  of  water  in  nitroglycerine  at  temperatures  of  30  -  90®  and 
in  diglycoldinitrate  and  dinitroglycerine  at  120®  was  determined, 

2,  The  solubility  constant  of  water  in  nitroglycerine  varies  in  the  given 

limits  of  temperature  frcoi  95  •  10"^  heT^  to  13*  10“^  njsr^j  the  solubility  con- 

6  1 

stant  of  water  in  diglycoldinitrate  is  somewhat  less  (5.2  *  10"  ram""^  at  120®), 

but  in  dinitroglycerine  is  much  larger  (36*10~^  ram"*^  at  120®)  than  in  nitrogly- 
A  -1 

cerine  (6,6*  10"°  mm  at  120®), 

3,  The  solubility  of  water  in  nitroglycerine  containing  0.3  -  0,6%  by  weight, 
of  nitric  acid  is  5  -  7  times  more  than  its  solubility  in  a  neutral  product  at  the 
sane  temperatures. 

The  author  expresses  deep  gratitude  to  Professor  K,  S,  Svetlov  for  constant 
help  in  the  work. 
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17.  On  the  Thermal  Disintegration  of  Nitroglycerine  and  the  Possibility 
ot  Its  Transition  to  Explosion 

Nitroglycerine  (NG)  is  the  oldest  and,  till  now,  the  most  widely  applied 
liquid  nitro  ester.  Certain  properties  distinguishing  nitro  esters  from  substances 
of  other  chemical  structxire,  for  example  nitro  compounds  and  nitramines  of  the 
aromatic  series,  are  expressed  especially  clear  for  NG.  These  peculiarities 
include  slow  chemical  transformation,  burning,  flash  and  sensitivity  to  impact. 
Connected  with  each  other. in  a  known  degree,  they  lead  to  the  fact  that  the 
production  of  NG  is  the  most  dangerous  of  all  secondary  explosives. 

The  slow  disintegration  of  NG,  in  certain  conditions  of  its  flow,  can  be 
extraordinarily  strongly  self-accelerated.  This  can  cause  a  situation  ^diere, 
oven  at  the  low  temperatures  at  which  usually  is  conducted  the  industrial 
process,  such  high  speeds  of  di.8integration  and  heat  emission  are  attained  that 
strong  local  self-heatup  sets  in  leading  to  thermal  triggering  of  burning  —  flash 
of  NG.  The  burning  of  NG  is  unstable  and  is  very  inclined  to  transition  to 
explosionj  under  the  conditions  of  flash  this  inclination  is  expressed  still  more 
strongly. 

V/e  will  consider  in  the  present  article  the  regularities  of  the  thennal 
disintegration  NG  and  those  conditions  vdiich  determine  the  possibility  of 
triggering  of  flash  as  a  result  of  the  strong  self-acceleration  of  this 
disintegration, 

Tlie  speed  of  any  chemical  reaction  depends  on  the  temperature  and,  if  the 

reaction  proceeds  in  the  gaseous  phase  or  in  solution,  also  on  the  concentration 

•  ' 

sir 


of  reagents.  In  the  case  of  the  disintegj^tion  of  liquid  MJ,  If  its  J3i2^>^cts  are 
gases,  the  concentration  of  the  parent  substance  does  not  change  jmd  it  is 
sufficient  to  c<ai8ider  csiiy  the  dependence  of  reaction  speed  on  teraperature. 

However,  in  real  conditions  the  speed  of  the  slow  disintegratitw  of  NG. 
depends  also  on  time.  This  dependence  is  stipulated  two  causes.  First,  the 
slow  disintegration  of  NG  is  self-accelerated  under  the  influence  of  products  of 
the  reaction.  Therefore,  if  these  products  are  not  raooved  by  one  or  another 
method,  then  their  content  in  the  NG  increases  and  the  speed  of  transforaiati^ 
grows  correspondingly.  Secondly,  the  disintegraticai  of  !Kr  prccssds  with  the 
liberation  of  heat  and,  if  this  heat  is  not  to  diveHed  or  is  oi^y  partially 
diverted,  then  the  temperature  of  substance  grows  and  the  speed  of  reaction  grows 
correspondingly.  Both  factors  of  the  self-acceleration  of  the  process  are 
interconnected;  the  greater  the  increase  in  the  disintegration  rate  due  to 
accumulation  of  disintegration  products,  the  greater  will  be  the  speed  of  heat 
emission  and,  consequently,  of  thermal  acceleration.  The  reverse  dependence  of 
cheinical  self-acceleration  on  thermal  is  scmewhat  more  cca^licated,  since  at 
increased  temperatures  the  products,  >diich  accelerate  deco^sition  represent 
vapors  and  their  solubility  decr€«8es  with  t«np«raturej  therefore,  if  these 
products  have  the  possibility  and  time  to  depart,  then  the  total  acceleration 
turns  out  to  be  less  than  in  the  case  when  they  remain  completely  in  liquid. 

It  is  necessary  to  consider  also  that  a  significant  and  complicated -influence 
is  shown  on  the  development  of  chemical  self-acceleration  of  the  transformation 
of  NG  by  those  impurities  which  are  either  practically  alwaysCas  water)  in  it  or 
(as  acid)  can  be  contained  in  it  with  insufficiently  thorough  washing  of  the  NG 
of  spjent  acid. 

Let  us  consider  the  more  in  detail  both  possibilities  of  the  acceleration 
of  NO  disintegration  -  thermal  and  chemical. 


Thermal  Acceleration  of  the  Sjcothenaal  Chemical  Reaction  to  Explosion 

During  the  course  of  exothermal  chemical  reaction,  as  a  result  ef  the 
liberation  of  heatj  the  temperature  of  the  substance  becomes  higher  than  the 
ambient  temperature.  Therefore  there  occurs  heat  radiation  from  the  substance 
to  the  environment.  In  Fig.  1  is  represented  the  dependence  of  the  heat  income 
and  heat  outgo  on  temperature  T. 


Fig.  1.  Dependence  of  income  (q-^^)  and  heat  outgo  (q^,  q^,  q^)  on  temperature 

T. 

If  heat  radiation’  is  equal  to  heat  income,  then  they  are  in  equilibrium. 
Equilibrium  is  stable  (point  A)  if  the  derivative  of  heat  drain  by  temperature 
is  larger  than  the  derivative  of  heat  income  by  temperature.  This  condition,  as 
can  be  seen  from  the  graph,  is  fulfilled  if  the  temperature  of  the  environment 
T^  is  relatively  low.  If  it  Is  higher  (T|J  or  T^),  then  the  heat  drain  to  the 
outside  wiU.  become  less  and  equilibrium  between  heat-income  and  heat  outgo  win 
not  exist  or  it  will  be  unstable,  as  for  example,  at  point  of  contact  B.  A 
sufficiently  small  increase  of  temperature,  so  that  heat-income  becomes  larger 
than  heat  outgo  and  self-accelerated  growth  of  temperature  sets  in,  will  lead  the 
transformation  to  speeds  so  high  that  we  call  it  explosion. 

The  main  factors  of  this  process  are  the  speed  of  the  chemical 
transformation,  its  thermal  effect,  and  the  dimensions  of  the  charge.  The  speed 
of  heat  emission  is  obviously  proportional  to  the  volume  of  the  substance,  and 
heat  outgo  —  to  its  surface ^  Inasmuch  as  the  voluale  increases  with  the  cube  of 


3^0 


the  linear  dimension,  but  the  surface  vdth  its  square,  then  it  is  clear  that  an 
increase  in  the  dimensions  of  the  charge  will  encourage  the  acceleration  of  the 
transformation  and  its  transition  to  the  region  of  instability, 

D.  A.  Frank-Kamenetskiy  ^  mathematical  analysis  of  the  phenomeron 

for  that  case  when  heat  transfer  is  accomplished  by  thermal  conduction,  and 
showed  that  the  disruption  of  stability  sets  in  if  the  dimensionless  parameter 

(1) 

becomes  longer  than  a  certain  determined  value  dependent  upon  the  form  of  the 
change  and  equal  to  3.32  for  a  sphere,  2  for  a  cylinder,  and  0.88  for  a  plane 
infinitely  extended  layer. 

In  formula  (1) ; 

Q  —  thermal  effect  of  reaction  in  cal/cm^  j 

A  —  coefficient  of  thermal  conductivity  in  cal/cm  .  sec  .  deg; 

r  —  radius  of  cylinder  (sphere)  or  half-thickness  of  the  layer,  in  cm; 

B  —  pre-exponential  multiplies  in  Arrhenius’  equation  in  sec“^; 

E  —  Activation  energy,  in  cal/mole; 

Tq  —  temperature  of  wall  of  vessel,  in  ®K. 

If  the  conditions  lying  at  the  base  of  this  conclusion  are  fulfilled,  i.e., 
if  the  speed  of  the  reaction  varies  with  Arrhenius’  law  and  heat  transfer  occurs 
only  through  heat  conduction,  then  by  means  of  formula  (l)it  would  be  possible  to 
calculate,  for  a  given  dimension  of  the  charge,  that  temperature  from  which  the 
slow  transformation  of  decomposition  to  explosion  will  proceed,  or  to  solve  the 
reverse  problem  -  to  calculate  for  a  given  temperature,  the  minimum  dimension  of 
the  charge  which  is  the  starting  point  for  the  transition  of  slow  decomposition 
to  explosion. 

shall  carry  out  both  computations.  We  will  determine  first,  that 


miliinium  temperatiire  of  flash  for  a  cylindrical  column  of  NG  1  mm  in  radius.  We 

will  take  the  thermal  capacity  of  nitroglj'cerine  to  be  equa''.  to  1.10”*^  cal/cm‘sec* 

deg.  'Ihe  thermal  effect  of  transformation  is  taken  equal  to  8CX)  cal/g,  i.e. 

approximately  half  of  heat  of  explosion.  It  is  known  that  during  slow  thermal 

transformation  the  main  part  of  the  nitrogen  is  obtained  in  the  form  of 

endothermic  NO;  correspondingly,  a  psart  of  the  combustible  elements  remain 

incompletely  oxidized  and  the  thermal  effect  obtained  is  less  than  that  during 

reaction  to  nitrogen,  water  and  carbon  dioxide.  However,  the  magnitude  of  the 

thermal  effect  has  a  relatively  weak  effect  on  the  result  of  the  calculation. 

A  decrease  in  Q  of  two  times  increases  the  calculated  temperature  of  flash  at 

E  =  40,000  cal/moie  by  5%  in  all.  The  Kinetic  characteristic,  taken  according  to 

R.  Robertson  /"6_7,  are  E  =  43,700  cal/mole,  B  ~  sec“^. 

the 

Inserting  in  formula  (l)/taken  values  of  the  paramsters,  we  obtain 


43TQ0  ' 
i,906r»" 


2. 


From  this  t®  =  163®. 

For  a  charge  with  a  radius  of  0.5  ran  an  analogous  calculation  will  find  the 
critical  temperature  equal  to  176®. 

We  see  that  the  temperatures  obtained  are  somewhat  lower  than  the  flash 
temperature  of  NG,  determined  usually  by  experimental  methods  (near  200®) .  The 
divergence  is  small  and  its  physical  meaning  is  clear.  The  viscosity  of  NG  strongly 
decreases  at  increased  temperatures,  and  heat  outgo  occurs  in  it  not  only  by 
thermal  conductivity,  but  also  by  convection,  in  particular  as  a  result  of 
mixing  of  the  liquid  by  bubbles  of  emitted  gases.  This  leads  to  ^  increase  in 
heat  radiation  and,  consequently,  to  an  increase  in  flash  temperature. 

We  will  determine  now,  the  dimension  of  a  charge  of  NG  required  for  its 


flash  to  occur  at  20®. 


Using  forirala  (1),  we  write 


/4jn**^/hsiiTW  ._diZ2L_===2. 

4.10-4  ‘  '  i, 986.203* 

U 

Solving  this  equation,  we  obtain  f  =  1,5  *  10  cm.  Consequently  for  the 
decomposition  of  NO  to  be  accelerated  by  means  of  self-heating  to  flash  at  room 
temperature,  the  radius  of  the  charge  should  be  more  than  150%  i.e.,  many  times 
more  than  the  dimensions  those  apparatuses,  in  which  NG  is  obtained  or  stored 
in  industrial  conditions. 

There  is  yet  another  side  of  the  j^isnoaen,  whose  calculation  imderlines  the 
unreality  of  triggering  of  flash  of  MG  under  the  considered  conditions  and 
prerequisites. 

As  can  be  seen  from  Fig.  1,  the  mutual  location  of  the  curve  of  heat  income 

and  the  line  of  heat  radiation  is  such  that  the  difference  between  heat-income 

and  heat  outgo,  which  determines  the  speed  of  self-heatup  decreases  by  the 

measure  of  temperature  increase  to  the  point  of  contact  and  only  begins  to 

increase  rapidly  at  high  temperatures.  Calculation  shows  that  the  pre-explosion 

increase  of  temperature  for  a  cylinderical  charge  constitutes  1,37  . — degrees 

2  ^ 
or  for  NG  1.37  =  5.35®,  In  order  to  estijaiate  approximately  the 

43 >700 

minimum  time  necessary  for  self -heatup  of  NG  to  5  -35®,  let  us  assume  that  process 

proceeds  adiabatically,  i.e.  without  passing  of  heat  to  the  outside.  Warm-up  to 

5.35®  with  a  heat  capacity  of  NG  of  0.35  cal/g  .  deg  will  demand  1,87  cal/g. 

During  100^^  decomposition  of  NG  800  cal/g  will  be  emitted  by  our  assumption j  then 

for  emission  of  1,87  cal/g  0.234^  must  be  decomposed  of  the  NG.  Constant  of 

-“1 

disintegration  rate  of  NG  at  20®  is  1.1  *  10  sec  ;  therefore  the  time  necessary 
for  isothermal  transformation  of  0,23k%  of  the  NG  will  constitute  2.14  •  10^  sec 
or  7000  years.  Vfe  see  that  even  if  there  is  a  sufficiently  large  charge  NG,  in 

which  flash  can  appear  by  means  of  thermal  self -acceleration,  in  practice  explosion 

* 
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will  not  occur,  owing  to  itg  extremely  large  delay  time. 

Does,  however,  this  conclusion  signify  that  in  real  conditions  triggering 
of  flash  of  NG  at  low  temperatures  is  impossible? 

To  this  question  one  should  give  a  negative  answer.  V/hat  form  of  slow 
decomposition  can  be  developed  to  flash? 

Above  we  noted  that  the  slow  chemical  transformation  of  NG,  if  its  gasiform 
products  are  not  removed  from  the  liquid,  is  developed  with  self -acceleration . 
This  chemical  self -acceleration  in  the  case  of  NG,  and  in  known  conditions  also 
during  the  decomposition  of  other  nitro  esters,  can  become  very  large.  It  is 
that  cause,  which  can  bring  speed  of  transformation  of  NG  directly  to  a  magnitude 
exceeding  by  a  million  times  the  initial  speed  of  the  reaction  (in  absence  of 
products  of  disintegration),  and  cause  in  this  way  fast  thermal  self-acceleration 
of  process. 

At  the  same  time,  we  saw  that  at  20®  the  critical  charge  dimension  for  NG 
equals  150  m.  If,  however,  the  speed  of  reaction  becomes  a  million  times  greater, 
then,  repeating  the  same  calculation,  we  will  obtain  a  critical  dimension  1000 
times  less,  i.e,,  15  cm.  Koreover,  it  is  necessary  to  consider  that  chemical 
self-acceleration  also  is  an  exothermic  process  and  if  it  gives  even  a  relatively 
small  increase  in  temperature  —  let  us  say,  to  100®  —  then  the  critical 
dimension  will  be  lowered  again  to  6  cm. 

Thus,  the  decisive  factor  in  the  triggering  of  explosion  as  a  result  of 
slow  disintegration  is  the  development  of  chemical  self-acceleration  of  the 
process  (due  to  accumulation  of  products  of  reaction) . 

Slow  Disintegration  of  NG  At  Constant  Temperature 

Let  us  consider  more  specifically  the  main  experimental  regularities  of  the 
slow  isothermal  disintegration  of  NG  and  especially  the  self-acceleration  of  this 


process. 


R,  Robertson  C^J >  studying  the  decomposition  of  liquid  MG  in  a  flow  of 
inert  gas  v;hich  removes  volatile  products,  showed  that  the  speed  of  separation  of 
oxides  of  nitrogen  is  constant,  i.e.,  that  decomposition  in  these  conditions 
proceeds  without  acceleration.  According  to  the  value  of  the  disintegration  rate 
obtained  by  R.  Robertson  at  various  temperatures  those  kinetic  characteristics 
were  calculated  (activation  energy  and  pre-exponential  multiplier)  which  we  used 
in  calculations  by  formula  (1) . 

Investigations  in  the  laboratory  of  the  Moscow  Chemico-Technological 
Institute  (G.  N.  Bespalov,  A,  P.  Glazkov,  V.  V.  Gorbunov,  N.  D.  Faurin,  K.  S. 
Plyasunov,  B.  S.  Svetlov,  V.  P.  Shelaputina /”l_7,  /~2_7,  conducted 

by  the  manometric  method,  showed  that  in  the  initial  stage  the  decomposition  of 
NG  proceeds  without  essential  acceleration  even  if  one  does  not  divert  the 
gasiform  products  of  disintegration  (Fig.  2).  Moreover,  in  the  initial  stage  the 


Fig.  2.  Change  in  speed  of  gas  formation  in  time  in  initial  stages  of 
disintegration  of  liquid  NG  at  lAO?  and  moderate  degrees  &  of  filling  of  vessel. 

1  -6  =  6.1‘  10  ;  2  -  0  =  12*  10”^j  3  -  ^  ~  ^9  *  10*"^,  Speed  of  gas  formation 
is  expressed  by  the  number  of  cn^of  gases  (at  0*and  760  mm  Kg)  emitted  in  1 


minute  in  the  conversion  on  1  g  of  the  substance; 
ncmVg  *  niin;  5  “  Time  17,  in  min. 


4  -  Speed  of  gas  formation 


latter  not  only  do  not  accelerate,  but  even  delay  the  process;  the  greater  the 
degree  of  filling  of  the  vessel  with  NG  the  lower  the  initial  speed  of  decomposition 
(Fig.  3). 


^The  degree  of  filling  here  and  in  the  future  is  called  the  ritio  of  the 

volume  of  explosive  to  the  volume  of  the  vessel  in  which  the  experiment  is 
conducted. 
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Fig.  3.  Dependence  of  initial  disintegration  rate  w  of  NG  on  degree  of 
fj.Uing  of  vessel  ( 5 )  at  experimental  temperatures  of  80  -  140®. 

Along  the  axis  of  the  ordinates  there  is  placed  the  ratio  of  the  disintegration 
rate  at  a  given  6  to  the  rate  at  ^  =  lO"*^  in  %. 


1)  Ratio,  of  disintegration  rates  V 
vessel,  6*  .  it?  I  o* 


2) 


Degree  of  filling 


However  so  the  liiatter  remains  thus  only  as  long  as  a  certain  critical 


pressure  of  the  gasiform  products  of  disintegration  is  not  attained.  After  that 
a  sharp  acceleration  of  transformation  begins  (Fig.  4).  Prior  to  achievement  of 
the  critical  pressure,  the  dioln'vegration  rate  grows  proport-ionally  to*^r 
Then  this  speed  grows  proportionally  to  the  square  of  pressure  (Fig.  5)  'vdiich, 
according  to  the  assumption  of  B.  S.  Svetlov,  is  connected  vdth  the  influence  of 
pressure  on  the  concentration  of  the  dimer  (NqO^)  in  the  gases  and  consequently. 


in  the  liquid. 

Thus,  one  of  the  peculiarities  of  a  self-accelerated  reaction  is  its  strong 
dependence  on  the  concentration  of  gasiform  products  of  disintegration,  dissolved 
in  liquid  NG,  vdiich  leads  to  a  very  fast  growth  in  the  speed  of  the  process. 

Another  peculiarity  of  this  reaction  consists  in  the  fact  when  self- 
acceleration  of  disintegration  xmder  the  action  of  gasiform  products  was  developed, 
the  influence  of  temperature  on  its  speed  appeared  to  be  very  weak  (Fig.  6). 


Fig,  4.  Acceleration  of  disintegration  of  NG  at  100®  under  the  influence 
of  gasiform  products.  «  . 

Nuniiers  above  curves  -  degree  of  filling  of  vessel,  O  •  10^,  Along  the  axis 
of  the  ordinates  there  is  placed  the  quantity  of  emitted  gases,  expressed  in  _ 
conditional  units  (pressure  in  mm  Hg,  multiplied  by  the  volume  of  vessel  in  cur 
and  divided  by  the  sample  of  explosive  in  g  and  by  1000) . 

1)  -p^/TD.  (mm  '  cn^/g)  •  10“'^;  2)  't?  ,  in  miri  •  lO”''. 

The  combination  of  both  these  peculiarities  leads  to  the  fact  that  the 
raanometric  methodology,  in  its  usual  fulfillment  (small 6),  turns  out  to  be 
unsuitable  for  investigation  of  the  kinetics  of  the  thermal  disintegration  of  NG. 
Thus,  since  the  substance  in  this  case  occupies  only  a  very  small  part  of  the 
volume  of  the  vessel,  a  large  part  of  the  gasiform  products  depart  into  the  free 
volume  of  the  latter  and  do  not  act  on  the  transformation  in  the  liquid  phase. 

In  practice,  when  we  are  concerned  with  a  large  volume  of  substance,  i.e.,  with 
great  thickness  of  its  layer,  the  products  of  disintegration  do  not  succeed, 
diffusing,  to  leave  the  explosive  and  are  progressive  accumulated  in  it. 

The  usual  methodology  creates  difficulty  also  during  determination  of  the 
dependence  of  reaction  speed  on  temperature;  an  increase  jn  the  latter  decreases 
the  solubility  of  the  gasiform  disintegration  products  in  the  liquid  phase  and 
this  can  lower  the  growth  in  speed  and  even  prevent  acceleration  of  the  process, 
as  was  observed  by  B.  S.  Svetlov  in  the  known  condition  of  experiment.  (M  the 
other  hand,  in  industrial  volumes  lowering  of  the  solubility  with  temperature  is 


not  certain  to  succeed,  by  the  above-mentioned  causes,  to  decrease  the 


concentration  of  gasiform  products  in  liquid  NG. 
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Fig.  5.  Dependence  of  specific  speed  of  gas  formation  (w)  on  pressure  of 
gasiform  products  of  NG  disintegration  at  100°  at  various  degrees  of  filling  of 
the  vessel  S  . 

Speed  is  expressed  in  conditional  units.  1)  Conditional  designations j  2) 
Intermediate  values  of  <5  ;  3)  log  p  /"mm  HgJ7j  4)  log  w. 


Fig.  6.  Dependence  of  specific  speed  of  gas  formation  (w)  on  pressui^e  of 
iroducts  of  NG  disintegration  at  various  temperatures,  l)  log  w;  2;  log  p  /  mm  Hg_7 
dsintegration  rate  is  expressed  in  conditional  units. 


I  In  order  to  approach  real  conditions,  >«  modified  the  methodology  of 
laboratory  experiments  filling  of  vessel  by  nitroglycerine  almost  completely;  this 
assured  practically  full  preservation  in  the  liquid  phase  of  the  gasiform  products 
of  transformation.  In  these  conditions  sharp  acceleration  of  disintegration  at 
100°  sets  in  already  after  9  -  10  hr.,  at  80°  after  73  -  93  hr.,  and  at  60°  after 


550  nr.  These  data  make  it  possible  to  calculate  by  extrapolation  the  corresponding 
values  of  the  tiine  of  onset  of  acceleration  at  lower  temperatures.  For  30*  we 
will  obtain  3*2  yr.,  for  20‘  -  17  yr.  The  values  obtained  for  the  time  of 
beginning  of  sharp  acceleration  of  NG  disintegration  although  great,  but  they  are 
incomparably  less  than  in  case  of  doccsnposition  with  removal  of  products  of 
disintegration,  whan  this  time  even  for  certain  small  fractions  of  the  explosive, 
say  2%f  constitutes  4800  and  56,500  years  at  30*  and  20*,  respectively. 

Influence  of  Certain  Impurities  on  the  Slow  Disintegration  of  NG 

Above  we  spoke  about  the  disintegration  of  ptire  NG,  free  frcsa  impurities. 

Of  the  biggest  practical  interest  impxirities  which  usually  can  be  found  in  NG 
water  and  acid  present. 

Water  is  soluble  in  NG.  By  our  determination  (V.  V.  Gorbynov;  see  p.  219 
in  this  collection)  water  is  dissolved  in  NG  at  20*  by  0.25^,  at  30®  -  0.315^, 
and  at  60®  -  0.49^5. 

However,  contents  of  H2O  can  be  larger,  since  it  can  be  in  NG,  not  only  in 
the  dissolved,  but  also  the  suspended  form.  For  this  reason  technical  NG  is  usually 
cloudy. 

Water  shows  a  significant  and  specific  influence  on  the  slow  transfomation 
of  NG.  According  to  the  experiment  of  G.  N  Bespalov  {see  p.  131  in  this  collection), 
at  elevated  temperatures  (80  -  100®)  and  small  contents  of  H^O,  the  c\irve 

has  the  same  character  as  in  the  absence  of  water  (Fig.  7),  but  the  time  to 
beginning  of  acceleration  of  disintegration  is  less  in  the  first. 

At  large  contents  of  water  the  character  of  the  curve  changes  considerably: 
for  a  long  time  pressure  remains  constant  and  practically  equal  to  the  vapor 
tension  of  water  over  NGj  then  a  sharp  fall  seta  caused  by  the  transition  of 
water  to  the  liquid  phase.  After  this  fall  there  begins  a  starts  more  or  less 
fast  growth  of  pressure.  The  general  time  to  the  onset  of  sharp  acceleration  of 
disintegration  in  presence  of  water  is  strongly  reduced  as  ccai^red  with  time 


0.03  the  tiffio  to  sharp 


for  the  anhydrous  product.  Thus,  at  100®  and  d  = 
acceleration  of  decomposition  of  anhydrous  NG  constituted  nearly  2400  min,  but 
at  a  water-vapor  pressure  equal  to  400  -  500  mm,  it  was  reduced  to  150  min.  At 
maximum  ^  (»^8ar  l)  at  100  and  60°  in  the  presence  of  0.2^  H2O  the  indicated  time 
was  2^  times  less  than  for  anhydrous  NG. 

If  one  were  to  add  to  NG  still  more  water,  the  character  of  the  curve 
(T')  changes  anew.  For  a  long  time  a  very  slow  and  weak  fall  of  pressure  is 
observed  and  only  on  the  expiration  of  r.  significant  larger  time  than  for  even 
anhydrous  NG  sharp  acceleration  of  the  process  is  observed. 

Thus,  water  in  small  quanvities  accelerates  tho  transformation  of  NG,  the 
more  strongly  the  bigger  its  addition.  In  great  quantities  it  delays  the 
beginning  of  acceleration  of  disintegration  of  nitroglycerine. 


Fig.  7*  Influence  of  wa-^r  on  disintegration  of  NG  at  100®  and  different 
degrees  of  filling  of  vessel  O  . 

Numbers  by  tho  curves  -  pressure  of  water  vapor  over  NG  in  mm  of  mercury  and 
(in  parentheses)©*  10 

1)  Pressure  of  gasiform  products  of  disintegration  (p),  asa  Hgj  2)  Timelf,  min. 

Accelerating  influence  on  the  disintegration  of  NG  is  shown  also  by  acids, 
in  particular  by  nitric  acid.  Starting  corjresponding  investigations,  we,  proceeding 
from  generally  accepted  assumptions,  expected  that  vary  small  contents  of  acid 
would  va'-y  strongly  accelerate  the  decomposition  of  nitroglycerine.  Experiments 
did  not  confirm  this  expectation.  Thus,  in  case  of  addition  to  NO  HNO^  in  a 
quantity  of  0,3^  by  weight,  the  time  to  onset  of  acceleration  of  tfN9  reaction  was 
reduced  in  all  by  twice  as  compared  with  neutral  product  (see  curve  4,  Fig.  8), 


Moreovtr,  a  cooparison  of  aqual(by  presam*#  of  thair  vapor  ovar  NS)  cpaantitias 

of  nitric  acid  and  >»ter  (curvas  2  and  3,  Fig,  8)  showed  that  at  100®  the  acid 

accelerates  the  disintegration  of  NG  approximately'-  the  same  as  waterj  however, 

a 

their  joint  presence  atTiiver  pressure  did  not  reduce  the  time  to  beginning  of 

acceleration  of  the  process.  Finally,  experiments  in  the  presence  of  large 

quantities  of  water  (Fig.  9)  showed  that  Q»QQ.%  nitric  acid  by  weight  of  NG  has 

little  effect  on  the  course  of  disintegration.  Thus,  for  example,  at  near  contents 

of  water  the  induction  period  in  presence  of  acid  was  lowered  only  from  70  (in  the 

absence  of  acid)  to  68  min.  A  strong  influence  of  nitric  acid  in  the  presence  of 

at 

water  is  developed  only/relatively  large  ('^1.5^)  contents  of  acid  in  NG  (Fig.  10). 

All  these  observations  are  explained  by  the  assumption  that  fast  transformation, 
setting  in  at  the  stage  of  acceleration,  is  caused  by  hydrolysis  of  NG,  which  is 
strongly  accelerated  by  acids  in  a  definite  interval  of  concentration,  and  the 
oxidation-reduction  reactions  accompanying  hydrolysis,  occurring  between  its 
products  with  the  possible  participation  of  the  initial  nitro  ester.  If  one 


Fig.  8.  Influence  of  moderate  (0.3^)  quantities  HNO2  on  disintegration  NG 

at  100°.  „  « 

X — NG,  neutral  anhydrous,  v  =  0.0329j  2 — NG  +  H^O  +  HNOo,  p  14,  O  ®*  0.0281; 
ing  3— NG  +  H2O,  p  =  14,  O  *=  O.O27I;  4— NG  +  HWOo,  p  -  13,  d  “  0.0346i  p  »^neral 

equilibria  pressure  at  the  beginning  of  the  experiment  in  mm  Hg;  O  —  /^defined 
above^Jj  5-“Pre8sure  of  gasiform  products  of  disintegration  (p),  raa  Hg;  6— 
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Fig.  9*  Influence  of  small  (0.02^)  qfiantities  HN0-.  on  disintegration  of 
NG  at  100*^  in  presence  of  water.  *  ^ 

1— NG  +  HpO  +  0.023^  (by  wt)  HNOo,  p  =  92,  0.0363j  2— NG  +  HoO  +  0.017^ 

(by  wt)  HNO3,  p  =  196,  d  =  0.0287  L  3— NG  +  H2O  +  0.01^  (by  wt)  HNOo,  p  «  38$, 

£  -  0.0317J  p  “  same  as  Fig.  8;  o  — ^/^defincd  above_/j5,6 — same  as  Fig.  8. 

were  to  eliminate  the  effect  of  acids  ~~  for  example,  with  the  help  of  soda 

located  in  the  vessel  joined  to  the  ampule  with  NG  *—  then  as  a  result  of  the 

neutralization  of  the  acid  vapors,  the  acceleration  of  transformation  does  not 

set  in  either  in  presence  of  water  or  in  its  absence. 

V/ater  introduced  in  neutral  NG  acts  relatively  slowly  as  long  as  acid  is  not 
accumulated  in  the  product  as  a  result  of  "anhydrous"  reaction  or  hydrolysis;  if 
water  is  not  introduced,  the  accumulation  of  acids  and  water  (as  a  result  of 
oxidising  reactions)  proceeds  still  slower.  Nitric  acid  in  itself  acts  slowly, 
in  particular  because  time  is  required  for  the  formation  of  water.  The  most 
active  is  water  in  the  presence  of  acid;  this  acid  need  not  be  nitric. 


Fig.  10,  Influence  of  significant  (1.5^)  quantities  of  nitric  acid  on 
disintegration  NG  at  100'"  in  presence  of  water.  »  3 — 

1 — NG,  neutral  anhydrous;  6  «  0.0061;  2 — ^NG  +  H2O,  p  =  3P5>0  “  O.OO6O;  / NG  + 
HNO3,  p  =  82.5,  <5  =  0.0062;  4— NG  +  H2O  +  HNO3,  p  =  222,  8  *  O.OO7O;  S—NG  + 
H2CJ  +  HNO3,  p  =  560,8  =  0.0068;  p  =  same  as  Fig.  8;  8  —  /"defined  above_7j 
6— Pressure  of  gasiform  products  of  disintegration  (p),  m.  Hg;  7~-Tin»  tT ,  min. 

It  is  necessary  to  add  that  we  studied  chiefly  the  influence  of  mixtures  of 
water  with  nitric  acid.  It  should  not,  however,  be  considered  that  this 
combination  is  the  most  effective  stimulator  of  acceleration  of  transformation  of 


NG. 

Experiments  of  V.  P.  Shelaputina  showed  that  water  combined  in  definite 

relationships  with  oxide  and  nitrogen  peroxide  serves  as  a  very  energetic 

« 

accelerator.  Thus  in  one  experiment  at  80®  (Fig.  11),  in  which  the  equilibrium 
pressure  of  water  vapor  constituted  about  100  mm  Hg,  acceleration  of  the 
disintegration  of  NG  set  in  only  after  2000  min;  with  the  simultaneous  presence 
of  water,  NO,  and  N(^  a  sharp  growth  of  speed  of  gas  formation  was  observed 
already  after  50  min  after  the  beginning  of  the  experiment  (see  curve  2,  Fig,  11). 

Apparently,  in  experiments  with  water  the  direct  product  of  hydrolj''sia  is 
nitric  acid.  Interacting  with  dinitrate  and  trinitrate  formed  during  hydrolysis, 
it  will  form  nitrogen  dioxide  and  nitrogen  peroxide,  whose  oxidising  action  in 
the  presence  of  water  is  significant  greater,  than  that  of  nitric  acid.  The 


reactio,'.3  of  interaction  of  nitric  acid  and  nitrates  proceed  relatively  slowly, 
b  •  which  is  determined  the  significant  interval  of  time  between  the  mcMaent  of 
pressure  drop  in  experiments  with  water  and  the  onset  of  its  sharp  growth. 


fig.  11.  Influence  of  oxides  of  nitrogen  on  disintegration  of  NC  at  30" 
oresenco  of  water.  . 

1— *.'0  -  HO.  -  234.  O 
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0,0304;  2— NO  +  K2O  NO  +  N'O,^,  -  246, 

^2.  ,00,  A  -  0,0312;  3  -NG  *  H.,0  .  NO  -•  NO^,  p„^^  100,  -  130,  p 


r.C^2  -2“  "''2’  ^H20 

A  -  0,0302;  4— NO  >  M^O  *  NO  *  NO^,  -  31,  Pjjq  -  30 


NO" 


^  ^NO- 


-  37 


0,C309;  p  -  calculated  pressure  of  vapors  and  gases  introduced  into  the  vessel 
at  the  beginning  of  the  exy^sriment  (witt^ut  calculation  of  their  pos8ib.le 
interaction  and  dissolution)  in  am  Hg;  O  -  degree  of  filliiig  cf  vessel  with 
nit rogl^ycerine ;  5 — Preasure  of  gasiform  products  of  disintegration  (p),  mm  Hg; 

t — Time  T/  ,  min. 


Fig,  12.  Influence  of  oxides  of  nitrogen  on  disinte^ation  NG  at  80®  in 
presence  of  water.  .  « 

I-MCWK2O,  Ph20-«2S4,  ®  *=  0,0304j  2— NG  +  H^O  +  NO,  “  272,  «  214,  “  O 

0,0328j  3— NG  +  H2O  +  NO,  pjj  0  ==  238,  pj^Q  =  50,  5  «  0,Q329j  4~NG  +  HpO  +  NO, 

PHoO  “  PnO  ^  ^  0,0294}  P,  ^  ,  5,  6— saae  as  Fig.  11. 

If  one  introduces  the  oxides  of  nitrogen  inm»diatoly  then  oxidation  of  rdtrates 

starts  quickly. 

Additional  evidence  in  favor  of  the  described  sequence  of  reaction  is 
contained  in  the  results  of  experiments  on  the  decoiqjoaition  of  NG  in  the  presence 
of  water  and  oxides  of  nitrogen  (Fig.  12).  Induction  period  in  these 
experiments  preserved  its  character  (constancy  of  pressure)  aixi  duration. 

However,  on  the  one  hand,  that  pressure  drop  upon  ccopletion  of  the  induction 
period,  which  is  observed  in  the  presence  of  water,  but  the  absence  of  oxides  of 
nitrogen,  is  absent  in  this  case,  and  on  the  other  hand  -  acceleration  of  gas 
formation  after  induction  period  is  developed  much  more  sharply  and  faster.  The 
absence  of  the  pressure  drop  may  be  connected  with  the  fact  that  nitric  acid  with 
oxide  of  nitrogen  will  form  nitrous  acid,  whose  solubility  in  NG  is  supposedly 
less  than  that  of  nitric,  but  'vdiose  oxidizing  action  is  greater.  Correspondingly, 


against  the  background  of  fast  growth  of  pressure  as  a  result  of  oxidation,  it  is 
possible  that  a  snail  pressure  drop  at  the  expense  of  dissolution  remains  unnoticed. 

Slow  Disintegration  of  NG  At  Low  Temperatures 

The  experiments  described  above  were  conducted  at  relatively  high  (80®  and 
higher )temperatures . 

Experiments  at  lower  (40  ~  80®)  temperatures  (B.  S.  Svetlov  and  V.  V. 

Gorbunov)  take  a  very  long  time  and  therefore  were  few.  They  shv'wed  that 
regularities  determined  at  elevated  temperatures  are  qualitatively  correct  also 
for  significantly  lower  temperatures,  but  have  certain  quantitative  distinctions. 

Thus  at  100®  and  a  high  degree  of  filling  of  vessel,  in  the  presence  of  0.2^ 
by  weight  of  nitric  acid  sharp  acceleration  sets  in  1,7  times  faster  than  for 
anhydrous  neutral  NGj  water  acts  more  strongly  than  nitric  acid  and  at  the  same 
content  lowers  the  indicated  time  by  2.5  times  (Fig.  13). 

At  still  lower  teB^jaraturos  (60  and  40®)  acid  and  water  also  reduce  the 

1 

induction  period,  but  acid  acts  more  strongly  than  water  j  also,  this  distinction 
increases  during  the  transition  from  60  to  40®,  Besides,  at  low  temperatures  the 
influence  of  additions  to  NG  is  greater  in  the  sense  of  the  relative  decrease  of 
the  induction  period.  This  not  surprising.  With  a  lowering  of  the  temperatxrre, 
the  speed  of  reactions  of  decomposition,  forming  acid  and  water,  decreases; 
correspondingly  the  influence  of  this  source  of  accelerating  impurities  is  loviered 
and  the  role  of  accelerators  introduced  from  without  is  relatively  increased. 

It  is  necessary  to  indicate  also  that  in  all  these  experiments  we  have 
spoken  of  contents  of  additions  on  acid  character  which  although  small,  are  still 
incoB^^rably  larger  than  those  insignificant  quantities  vdiich  are  registered  by 

^it  is  necessary  however  to  keep  in  mind  that  for  water,  in  contrast  to 
nitric  acid,  there  is  a  certain  optimum  content  at  which  the  induction  period  ic 
sn^llest.  The  optimum  content  was  established  only  for  100®;  at  low  temperatures 
no  corresponding  oxperiB^nts  ware  conducted. 


Fig.  13.  Influance  of  vater  and  nitric  acid  on  diaintagratibn  of  NG  at 
100®  and  high  degree  of  filling  of  vessel  (lc»-/), 

3)  Pressure  of  gasiform  products  of  disintegration  (p),  am  Hgj  4)  Without 
additions  5  5)  Specific  volume  of  gasiform  products  of  disintegration  (V),  cnr/g; 

6)  Time  T,  min., 

Peculiarities  of  Development  of  EK  Decomposition  To  Flash 

From  the  considered  escporimental  data  it  follows  that  KG  is  susceptible  to 
two  processes  of  transformation;  one  is  realised  at  relative.Tly  high  tea^ratures 
and  is  characterized  by  strong  dependence  of  speed  of  transformation  on 
temperature.  The  speed  of  the  second  process  strongly  depends  on  the  concentration 
of  products  of  KG  disintegration,  (oxides  of  nitrogen  and  water)  and  weakly  on 
temperature.  Therefore,  at  low  temperatures,  when  the  constant  of  the  speed  of 
the  first  process  insignificant,  the  acttzal  integration  rate  of  NG  can  be 
determined  only  by  the  second  process.  This  speed,  however,  in  the  beginning  of 
the  process  is  very  small,  provided  that  a  sufficient  amount  of  acid  and  a  little 
water  are  not  introduced  into  the  NO.  During  the  decomposition  of  initially 
neutrally  and  anhydrous  NG  there  will  be  formed  nitrogen  dioxide  and  as  a  product 
of  the  oxidation  of  water;  if  the  IK}  contains  water,  the  formation  of  nitric  acid 
and  then  of  oxides  of  nitrogen  is  significantly  accelerated. 

One  would  think  that  at  low  initial  temperatures  just  the  second  process 


and  should  bring  NG  to  thennal  triggering  of  flash.  However  this,  apparently,  is 
not  30,  because  the  speed  of  reactions  of  the  second  process  grow  only  very 
weakly  with  temperature.  Correspondingly,  the  speed  of  the  transformation 
detorrained  by  them  can  attain  values  at  which  the  esqjression  of  Frank-Kamenetskiy 
(1)  beccmws  equal  to  the  critical  only  at  relatively  high  temperatxrre .  Calculations 
carried  out  according  to  the  kinetic  parameters  (E  and  B)  of  the  second  process, 
established  for  the  stage  of  sharp  acceleration,  give  at  T  =  1  nm  a  critical 
value  of  temperature  of  •'^600®  (530'*).  As  we  have  seen,  analogous  calculations 
for  the  first  process— a  reaction  proceeding  in  the  absence  of  products  of 
disintegration — gave  a  significantly  smaller  temperature  (163®).  Therefore 
during  development  of  acceleration  of  disintegration  by  reaction  products  and 
during  the  heat  up  accompanying  earlier,  there  will  be  attained  the  critical 
speed  for  that  process;  it  will  proceed  ever  faster  and  faster  and,  at  last,  will 
attain  the  critical  speed  of  transformation,  independent  of  the  products  of 
nitro  ester  decomposition. 

Here,  however,  it  is  necessary  to  make  one  reservation;  the  speed  of 
reactions  in  the  presence  of  gasiform  products  of  disintegration  strongly  dsponus 
on  their  concentration:  the  above-cited  calculation  data  refer  to  that  case  when 
the  pressure  of  these  products  over  NG  is  small(2  technical  atmospheres),  since 
during  the  development  of  the  process  in  ordinary  conditions  it  is  difficult  to 
imagine  the  possibility  of  achievement  of  higher  pressures.  However,  if  such 
conditions  exist  then  the  critical  temperature  is  approached  for  both  reactions. 

If  WQ  allow  that  the  dependence  on  pressure  of  the  speed  of  the  self-accelerated 
process  fixed  by  oxpjerimont  for  the  interval  of  temperatures  of  80  -  120®  and 
also  its  independence  from  temperature  are  secured  at  more  higher  values  of  the 
latter,  then  at  163®  the  speed  of  the  proct;»s,  proceeding  under  the  influence  of 
products  of  disintegration,  will  be  at  9  technical  atmospheres  equal  to  its 
speed  in  their  absence. 
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If  a  strong  incrsass  in  pxussurt  cannot  occur ^  then  the  developeient  of 
reaction  to  flash  takes  a  uniqiM  three-stage  character.  In  the  first  stagSi 
either  as  a  result  of  the  first  procees  (if  the  teiaperature  is  not  very  low),  or 
owing  to  hydrolysis  of  neutral  or  acid  NG,  there  will  be  formed  products  of 
disintegration.  This  stipulates  the  development  of  the  second  process.  On 
following  stage  this  process  as  a  result  of  accumulation  of  products  of 
disintegration,  is  self-accelerated  to  such  a  degree  that  a  significant  increase 
in  temperatxire  occurs.  In  t.he  third  stage  the  first  process  has  predominant 
signifigance;  its  thermal  acceleration  brings  the  NG  to  flash.  The  time  to 
onset  of  flash  is  determined  by  the  second  process,  and  its  critical  conditions 
by  the  first.  Of  course,  both  processes  proceed  not  autonoeiously  but  jointly, 
and  they  are  interconnected,  so  that  what  has  been  said  represents  the  naturally 
known  schematization  of  the  phenomenon.  The  higher  the  initial  temperature  and 
the  more  favorably  the  conditions  for  removal  of  gasiform  products  from  liquid  or’ 
binding  tnem,  the  greater  is  the  expressed  role  of  first  process  and  vice  versa. 

The  above  refers  to  anhydrous  NG.  In  the  presence  of  moisture  ^oes  a 
hydroli^tic  process  proceeds  parallel  with  the  first  onej  its  speed  greater  than 
that  of  the  first.  The  remaining  kinetic  characteristics  of  this  process  have 
been  little  studied.  In  other  respects  decomposition  to  flash  in  this  case  is 
developed  analogously  to  that  of  anhydrous  KG. 

Conclusions 

The  uxsiniegration  of  NO,  proceeding  very  slowly  and  without  acceleration 
with  removal  or  binding  of  its  products  (at  low  temperatures)  and  without 
acceleration,  can  be  strongly  accelerated  if  the  products  of  this  disintegration 
are  retained.  The  onset  of  acceleration  of  decomposition  occurs  jmioh  faster  if 
the  NG  contains  impurities  «•  water  (in  definite  limits)  and  acide  or  oxides  of 
nitrogen,  A  peculiarity  of  reactions  self-acceleration  is  their  strong  dependence 
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»p««d  on  concantration  of  products  of  disinttgration  or  of  impuritiss  and  wsak 
depandence  on  temperature.  Due  to  this,  if  a  high  concentration  of  accelerating 
substances  is  attained,  disintegration  can  lead  to  thermal  triggering  of  flash 
even  at  very  low  temperatures  and  relatively  small  dimensions  of  charge. 
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18.  Thermal  Disintegration  of  PETN 

The  introduction  into  technology  of  pentaazythrite  tetranitrate  (PSTN)  demand¬ 
ed  a  thorough  study  of  its  properties,  in  particular  chemical  stability,  the  more 
so,  as  PETN  belongs  to  the  number  of  esters  of  nitric  acids,  -which,  as  was  kno%i, 
in  general,  are  greatly  inferior  in  this  respect  to  nitro  coeipounds  of  the  aromatic 
series  and  even  nitramines. 

Chemical  stability  of  PETN  and  mixtxires  in  its  base,  the  method  of  its  deter¬ 
mination  and  the  effect  on  it  of  certain  impurities  were  studied  in  a  number  of 
works.  Already  the  first  investigations  had  shown  that  the  chemical  stability  of 
PETN  was  considerably  more,  than  other  nitro  esters  close  to  it  according  to  the 
number  of  nitrate  groups  in  the  carbon  atom,  ajid  consequently,  also  according  to  the 
energy  of  the  explosive  nitroglycerine,  nitroglycol  and  even  nitrocellulose  signifi¬ 
cantly  exceeding  their  stability.  Thus,  by  Abel’s  test  at  75®,  which  dynamite  nitro¬ 
glycerine  sustains  usxially  for  15  minutes,  PETN  does  not  react  at  80°  even  for  50 
minutes.  This  circumstance  is  usually  connected  with  the  high  symmetry  of  the  PETN 
molecule  by  comparison  with  nitroglycerine,  having  linear  structure  /~16_7»Z”l7_7. 
Thus,  Stettbacher,  and  later  other  investigators,  have  :on3idered  that  location  of  a 
4-x  mathoxynitro  group  around  the  central  carbon  atom  in  PETN  determines  its  high 
chemical  stability.  The  same  opinion  is  expressed  by  L.  Avogadro,  who  considers 
that  PETN  thanks  to  its  symmetric  structure  to  be  the  stablest  of  nitro  esters. 

Ckie  of  the  most  thorough  investigations  into  this  question  was  published  by 
Picardo  exposed  2  samples  of  PETN  to  100  and  105°  for  450  da/s  and  after 

definite  time  intervals  established  the  chatige  of  their  properties.  After  each  15 


daya  a  tast  wa»  asade  at  120©  with  mathylviolet  paper  and  a  loss  in  weight 
was  detersained.  With  an  interval  of  60  di^»  the  inveatigator  aade  several  tests 
Taliani's  teat  at  125°>  Berg^  ~  Young* a  at  132P  and  Anjeli’s  and  also  deter¬ 
mined  the  ccxitents  of  nitrogen  according  to  Lunge  and  the  melting  point. 


Fig.  1.  Change  of  pK  during  decoia- 
position  of  PETN  in  the  presence  of 
different  qpaantities  of  trotyl  (ac¬ 
cording  to  Urbanski  and  others)  at 
120®.  Numbers  by  curvea-opntents  of 
trotyl  in  mixture  in  %  weight. 

1)  Time  r  hour. 


(a) 


Fig.  2.  Change  of  pressure  during 
decomposition  of  Pi^N  presence  of 
different  quaritities  of  trotyl  (ac¬ 
cording  to  Urbanski  and  others). 
Numbers  by  curves-contents  of  trotyl 
in  mixtxire  iri  %  weight. 

I)jrk5jiuteaj  2)  p  m  of  mercdry. 


The  last  determination  was  conducted  also  with  crystals,  condensed  as  a  result 
of  sublimation  on  the  walls  of  the  vessel. 


Results  of  tests  shewed  that  stability  not  only  does  not  decrease  time,  but 
is  noticeably  increased.  At  105®  this  process  goes  faster,  then  at  100®.  Loss 
in  weight  increases  approximately  proportional  to  time.  Contents  of  nitrogen 
somewhat  increase,  just  as  melting  point  (140,3  -  141.2®  in  beginning  of  experi¬ 
ment  and  141.3  •”  142.0®  after  450-4ay  heating  at  105®).  The  sublimate  has  a 
higher  melting  point,  that  the  initial  PETN  and  the  narrowest  range  of  melting 
(142.0  -  142.2®). 

From  these  data  it  follows  that  long  heating  leads  to  the  sublimation  not 
only  of  PETN,  but  also  of  impurities,  contained  in  the  original  product,  and 
they  either  are  sublimated  without  being  decomposed,  or  being  decomposed,  they 
will  form  highly  volatile  and  fully  r®sov®i  products.  In  general,  those  siiqjeri- 


sents  shoir  that  even  very  loiig  heating  of  PEITK  in  an  op«ied  ve«a4^  at  105^  doee 
not  lead  to  noticeable  deooa|)Ofition  of  expltNiive^  but«  on  the  oocitrary«  inoreaeei 
its  cleanness  and  stability. 

Urbanski,  Kwiatowski  and  MHadcwski  /~19_7  stiidied  the  effect  of  nitro  de¬ 
rivatives  of  aronatic  series  aa  the  chsciical  stability  of  certain  nitro  esters^ 
in  particular,  EBTN.  Investigation  was  carried  out  by  naans  of  determining  pH 
mixtures,  heated  at  ICX)  -  120®  and  by  Taliani’s  method  at  134. 5®>  nodified  by 
Guahcsi.  Graphs  in  Fig.  1  and  2  illustrate  the  results  of  the  ejqMriaumts.  Hitro 
compourds  lower  the  stability  of  FETN,  and  in  this  way  act  more  strongly  at  given 
percentage  (by  weight)  of  mononitro  compound,  then  diand  trinitro  ccmpound.  This 
effect  becomes  8tr<xiger  in  the  first  hours  of  heating.  Derivative  bensmies  act 
somewhat  more  strongly,  than  derivative  toluene.  It  is  interesting  that  nitro 


derivatives  do  not  accelerate  the  deccmposition  of  nitromannite. 

Analogous  results  were  received  by  Tonegutti  Z~lfiJ7#  idio  determined  the 
stability  of  PETN  and  its  mixtures  with  trotyl  by  Teliani's  test  at  120,  125 
and  135°.  Seme  of  his  results  are  presented  in  table  1. 

Table  1 


Stability  of  PETN  and  Its  Mixtures  With 
Certain  Explosives  by  Teliani's  Test 
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6)  PSTN  with  1<^  picric  acid|  7)  PETN  with  20^  nitrogjyceriae}  8)  KitrcH 
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Presa  other  observations  of  Tonegutti  one  should  note  that  stability  of 
tetryl  at  120  -  125®  is  3  -  4  times  more  than  PETN,  while  at  130°  it  is  less  by 
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&  factor  of  2  than  for  PETN.  In  the  opinion  of  this  investigator,  this  connected 
with  the  fact  that  in  the  latter  case  tenperature  of  the  e^qjeriaent  is  too  close 
to  critical  temperature  of  deccaposition. 

Ccwiclusions  of  Urbanski  and  Tcnegutti  are  confirsied  also  by  Bourjol's  eoqperi- 
moit  /~9_7  (Table,  2),  idiich  detenained  by  the  Bergowm-Ioung  test  the  effect  on 
stability  of  P£TN  additicsis  of  different  arciaatic  and  aliphatic  nitro  compounds. 
All  the  arciaatic  nitro  compounds,  to  the  greatest  degree  dinitrc^phthalene, 
lower  the  stability  of  PETN.  The  action  of  aliphatic  nitro  compounds  is  incom¬ 
parably  less.  Bourjol  concludes:  "Aromatic  nitro  compounds  act  on  PSTN,  decom¬ 
posing  it  with  the  formation  of  oxides  of  nitrogen.  The  mechanism  of  this  action 
is  apparently  not  known". 

Urbanski  and  Miladcwski  /~20^  in  the  later  work  studied  by  the  pH  method 
the  effect  on  stability  of  PETN  at  132®  of  different  ncnexplosivc  substances  in 
a  quantity  o£  3  -  5%  weight  (ethyl  ted  propyl  alcohol,  ethyl  ether,  ethyl  acetate 
isoamyl  acetate,  acetone,  acetophenone,  water)  and  in  a  quantity  of  0,1  -  1.0^ 
weight  (diphenylamine  and  centralite)  and  showed  that  all  of  them  to  a  greater 


or  lesser  degree  lower  its  stability. 


Table  2 


Stability  of  PETN  and  its  Mixtures  with  Certain  Explosives  by  Bergman-Young  Test 
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\  ThM«  substancM  h«ve  &  rtvezne  on  nitroc«XIuLo««{  thvy  notieoibilgr  in- 

creftse  its  stability.  Oa  the  basis  of  this,  different  authors  have  coeii^Lnd^ 

\  that  an  '’essential  difference"  exists  between  cheedcal  properties  cf  nitrocellu- 
lose  and  FETN,  a  difference,  idiich,  they  ccmsider,  is  caused  by  the  conpletely 
different  struct\ire  of  both  nitro  estere,  and  nactely,  bsr  the  high-«olecular 
chainannulsr  structure  of  nitrate  of  celluloee  and  the  branched  structure  of 
FETN  with  its  central  aton  of  carbon. 

To  sinilar  conclusicsis  have  arrived  other  investigator,  studying  the  effect 
on  nitro  costpounds  on  deconpoeition  of  FETN.  Thus,  Oeeseigne  ^  heating 

!  mixtures  of  FETN  with  trotyl  in  closed  teot-tubee  at  90®  establiahed  that  with 

I 

I  significant  contents  of  trotyl  the  rate  and  acceleration  of  gas  foration  strong'- 

1 

I  ly  increase  (fig.  3}  •  Thie  acceleration  the  author  connects  with  the  fpriation 
I  of  oxides  of  nitrogen  -  gas  phase  takes  clear  color. 

I 

I  A  similar  picture  is  also  observed  during  deccopoeition  in  looe^  clpeed 

■  vessels  at  120®,  when  the  pressure  could  not  be  increased,  but  gasif or*  products 
I  of  disintegration  did  not  escape  so  <^ily,  as  during  experiaent  in  opened  ves- 

j  sels.  At  110^  the  effect  of  trotyl  is  developed  even  more  abruptly  and  with  less 

i 

^  of  its  content.  In  analogous  conditions  the  presence  of  trotyl  ajpeared  to  have 

1 

^  an  incomparably  smaller  influence  cn  the  decospoeition  of  hexogen. 

i 

j  Investigations  on  the  stability  of  FETN  were  published  also  by  Aobertoin. 

I  » 

I  He  determined  the  rate  of  gas  formation  during  decosposition  of  FETN  in  a  vacuum 
I  at  120®  C^J*  method,  applied  in  Shgland  for  the  determination  of  the 

I  stability  of  FETN,  according  to  instruction  of  the  standard.  Hate  of  gas  forma- 
i  tion  does  not  depend  on  diauwwions  of  crystals.  All  samplee  showed  one  and  the 
same  rate  of  deccmpositioi  before  and  aftsr  thorci^d^  crushing  in  an  agate  mortar, 
both  the  case  of  FETN,  obtained  by  recrystallisation  frcm  the  usual  purified  aca.- 
tm®,  and  also  for  FETN,  precipitated  frcm  acetonio  soluticai  by  water. 


Fig.  3*  Change  of  pressure  during 

deccmposition  of  FETN  in  presonce 

of  trotyl  at  90®  (by  Desseigne). 

1  -  pure  PETN,  2  -  mixture  PETN  - 

trotyl  (75  ;  25),  3  -  mixture  PETN 

-  trotyl  (50  :  50),  4  -  mixture 

PETN  -  trotyl  (25  :-75). 

% 

a)‘tr2/>.  hour  periods;  b)  P  mm  of 
mercury. 

Such  PETN,  especially  if  precipitation  is  produced  from  acetonechlorofom  solu¬ 
tion,  shows  a  significantly  lowered  stability  that  is  connected  with  the  chemical 
effect  of  radicals  of  solvent  (hydrolytic  action  of  water,  fonaation  of  hydro¬ 
chloric  acid,  impurity  of  acetone).  Nitric  acid  accelerates  disintegration, 
although  its  action  in  the  absence  of  water  is  weaker  than  hydrolytic  action  of 
water.  This  last  action  in  many  cases  turns  out  to  be  more  essential,  than  the 
effect  of  other  impurities,  if  their  quantity  does  not  exceed  a  certain  limit. 

The  other  work  of  Aubertein  /~6_7  considers  the  effect  of  including  solvents 
or  precipitators,  which  can  strohgly  lower  indices  of  stability  by  Bergman-Young 
(test,  applied  for  PETN  in  France)  as  a  result  of  transition  of  disintegration 
of  the  tested  explosive  subatai.ces  frcan  thermal  to  hydrolytic.  Thorough  crush¬ 
ing  of  crystals,  ensuring  during  subsequent  drying  the  removal  of  volatile 


Fig.  4*  Change  in  rate  of  hydrolysis 
of  PETN,  characterized  by  loss  in  weight 
at  different  temperatures  (by  Aubertein). 

1)  Loss  in  weight  in  g;  2)  Temperature 
in  ®C. 


Iimpuritiea  (w&ter^  acetone)  leads  to  a  sharp  increase  of  stability  index. 

Separate  e3Q)eriaients  (^ij  indicated  that  the  rate  of  hydrolysis  of  PETN  is 
great  and  it  grows  especially  fast  with  temperatures  aboTe  120®  (fig.  4).  In 

I  one  experiment  at  230®  hydrolysis  lead  to  eaqjlosion. 

I 

I  *  The  weak  side  of  Aubertein*s  works  is  the  conduct  of  experiments  just  below 

!  the  melting  point  of  PETN,  The  effect  of  impurities  can  be  twofold j  chemical 

* 

or  physical.  Conducting  comparative  experiments  with  liquid  substulce,  it  would 
have  been  possible  to  exclixie  the  effect  of  .the  physical  factor.  Inasmuch  as 
this  was  not  done,  it  is  difficxilt  to  determine,  what  part  of  the  accelerating 
effect  of  radicals  of  acetone,  water  azKi  chloroform  one  should  relate  to  trans¬ 
ference  by  thoa  of  part  of  the  solid  PETN  into  liquid  state. 

One  of  the  last  works  based  on  the  explanation  of  the  effect  of  impurities 
‘  on  the  stability  of  PETN  is  the  investigation  of  L.  Avogadro  C^J »  He  ex¬ 
panded  the  studied  range  of  temperature  downward,  determined  the  effect  of  not 
only  trotyl,  but  also  certain  substances  (diethyleneglycoldinitrate,  pentaery- 
thritolacetate) ,  which  were  not  studied  by  his  predecessors,  and  also  attempted 
to  understand  the  cause  of  the  observed  lowering  of  sta|3ility  of  PETN, 

Anjeli'a  tests  at  120®  and  Telieni's  at  125®  and  several  lower  temperatures (be¬ 
low  90®)  mixtures  of  PETN  with  all  three  substwices  added  to  it  gave  a  more  or 
less  strong  decrease  of  stability.  These  results  are  confirmed  also  by  potentio- 
metric  puncture.  If,  however,  this  test  is  cowiucted  at  low  temperature  (75®) 
below  eutectic  point,  then  stability  after  60  day  heating  turns  out  to  be  for 
mixture  with  trotyl  (50  :  50)  even  somevdiat  more,  than  for  PSTN  (change  pH  from 
6,76  to  5.99  in  first  case  and  from  6.80  to  5»^  iu  second).  The  results  obtain¬ 
ed  by  L.  Avogadro  compares  with  the  solubility  of  PETN  in  mixed  substances |  it 
constitutes  at  90  as>d  100®  respectively  for  trotyl  25  and  66  parts  in  100  parts 
of  solvent,  for  pentaerythritolacetate  30  and  100  parts  and  for  diothylene- 
glyeoldinitrate  22  and  66  parts.  The  weak  effect  of  impurities  of  these  sub- 


stances  on  the  stability  of  hexogen  Avogadpo  connects  >d.th  its  relatively  low 
solubility  in  them,  fhis  also  ex]^xUins  the  decrease  in  the  case  of  PETH  of 
the  effect  of  impurities  with  a  lowering  of  tmnperature  and  the  sharp  increase 
of  stability  of  mixtures  below  75*^.  Hence  L.  Avogadro  correctly  concludes  that 
if  the  mixtures  do  not  contain  a  liquid  phase,  then  lowering  of  stability  is 
absent. 

Frcm  the  survey  of  works  presented  published  on  this  question  it  ia  clear 
that  investigators  are  gradually  approaching  the  correct  understanding  of  the 
mechanism  and  significance  of  the  effect  of  nitro  compounds  and  other  impuri¬ 
ties  on  the  stability  of  PETN.  The  slowness  of  this  approach  has  a  singular 
cause.  All  the  above  mentioned  investigators  forgot  two  works  C^J >  C^J» 
published  in  1920  and  1921,  in  which  in  an  example  of  tetryl  it  was  shown  that 

the  decomposition  rate  in  melt  or  solution  is  much  greater  than  in  solid  state. 

the/ 

This  observation  is  fully  applicable  to/case  of  PETN,  as  was  shown  in  1939  - 
1940  in  an  unpublished  work  of  K.  P.  Maslov  (Moscow  Chemico-Technological  Insti¬ 
tute  in  the  name  of  Mendeleyev) .  In  this  work,  delivered  to  explain  the  results 
of  the  investigation  of  Urbanski,  Kwiatkowski  and  Miladowski,  the  stability  of 
PETN  was  compared  by  Taliani's  method  with  the  stability  of  its  mixtures  with 
trotyl'^*  It  was  established  that  at  tcmpcraburea  below  140®  the  stability  of 
mixtures  is  significantly  lower  than  the  stability  of  PETN,  while  above  this 
temperatiire  (experiments  were  conducted  at  145®)  difference  in  stability  is 

absent.  It  was  established  also  that  at  least  in  the  initial  stage  the  disin- 

1.  In  this  work  were  experiments  based  on  the  study  of  the  stabilizing  effect 
of  nitro  compounds  on  decomposition  of  nitrocellulose  established  by  Urbanski 
and  collaborators.  The  initial  position  was  the  assumption  that  disintegration 
of  nitrocellulose  starts  by  surface  reactionj  by  covering  the  surface  of  pyroxy¬ 
lin  with  liquid  it  is  retarded  just  as  for  example,  the  disintegration  of  azide 
of  calcium  is  retarded  by  paraffin.  The  experiment  showed  that  .paraffin  notice¬ 
ably  delays  decomposition  of  nitrocellulose j  however,  considering  the  detected 
effect  of  many  factors  during  disintegratimi,  the  authors  do  not  consider  their 
assumption  definitely  confirmed  by  these  e:q)0riia©nts. 


tegration  rate  of  FETN  in  trotyl  solution  does  not  depend  cn  concentration^  i.  e, 
that  disintegration  is  a  reacticai  of  the  first  order.  From  the  independcaice  of 
disintegration  rate  frcn  jjBpurity  of  nitro  conpounds  at  a  tcinperature  above  the 
melting  point  of  PETN  (I!*!®)  the  conclusion  was  made  that  “decaaposition  rate 
of  pure  PETN  does  not  change  diiring  the  addition  of  nitro  conpounds  ^  which  do 
not  form  chemical  compounds  with  it",  and  further  "Idteraxy  indications  on 
this  question  (works  of  Urbanski,  Kwiatkowski^  Xlladowski)  do  not  correspond  to 
reality^  due  to  the  omission  of  a  way  of  distinguishing  states  of  aggregations 
during  the  conduct  ox  comparative  experiments". 

The  work  considered  in  the  present  article  had  as  a  goal  a  plan  of  general 
investigation  of  thermal  decomposition  of  nitro  ester  to  study  thermal  disin¬ 
tegration  of  PETN  during  the  different  conditions  of  its  course,  and  also  the 
effect  of  certain  impurities  on  it  in  order  to  try  to  give  an  explanation  to 
earlier  established  peculiaritio^  of  given  explosive  substances^. 

Experimental  Part 
Method  of  Wor^ 

In  this  work  the  mancmetric  method  was  applied  in  its  versiai  /~1_7,  which 
has  a  number  of  essential  advantages  over  methods,  applied  earlier:  esqpulsion 
of  distillation  products  to  the  cold  parts  of  the  instrument,  and  also  the  effect 
on  the  disintegration  process  of  air,  vapors  of  sealing  and  mancmetric  liquids. 
Besides,  the  substance  and  the  products  of  its  decomposition  are  in  contact  <aily 
with  glass.  JDeccmposition  of  the  tested  substance  started  in  a  vacuum  or  in  an 
atmosphere  of  those  gases  or  vapors,  idiose  effect  was  studied. 


For  a  more  detail^  description  of  method  and  results  of  work,  see  C^J * 
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ihe  investigated  FETN  was  thoroughly  freed  frcm  volatile  iapurities^  tdiich 
could  affect  its  disintegration.  For  this  the  system  was  pumped  to  pressure  no 
higher  than  lO"^  m  of  mercury  during  simultaneous  heating  of  reaction  vessel  by 
water  with  a  temperature  of  80  -  100®.  During  the  preparation  of  the  experi- 
moit  on  decomposition  bf  mixtiires  of  PSTfWNT  the  evacuation  of  volatile  impuri¬ 
ties  was  produced  in  two  stages.  Initially  into  the  reaction  vessel  was  intro¬ 
duced  only  TNT,  lateral  branch  of  the  vessel  was  closed  by  rubber  with  clamp,  and 
trotyl  was  pumped  in  melted  state  at  a  temperature  of  80  -  90®.  Periodic  cool¬ 
ing  and  heating  of  trotyl  to  a  si^ificant  degree  facilitates  its  elimination  of 

* 

volatile  impurities,  since  the  latter  very  violently  are  liberated  in  the  moment 
of  crystallisation.  After  full  separation  of  volatile  impurities  trotyl  was 
cooled  and  a  weighed  amount  of  PITTN  was  introduced,  after  which  the  lateral 
branch  of  the  reaction  vessel  was  soldered  and  evacuation  was  carried  out  just 
as  with  TNT  alone. 

During  the  investigation  was  used  PSTN  of  factory  production,  twice  recry- 
stailized  frem  pure  acetone  by  cooling,  with  a  melting  point  of  141.3®  and  with 
dimonsions  of  crystals  less  than  1  mm. 

For  experiments  on  decomposition  of  PETN  in  trotyl  solution  TNT  was  used 
with  a  melting  point  of  80.6®. 


Results 

Disintegration  of  PETN  in  Melt 

In  order  to  make  it  possible  to  ccanpare  PETN  with  respect  to  character  and 
disintegration  rate  with  other  studied  nitro  esters,  whose  melting  point  is  much 
lower,  it  was  expedient  to  conduct  experiments  at  temperatures  above  the  melting 
point  of  PETN,  i.  e.  with  its  melt.  1^  the  usual  unautematiaed  method  this  is 
possible  to  realize  in  a  temperature  range  from  141®  to  approximately  170®.  At 
higher  temperatures  decempoaition  on  the  one  hand  goes  too  fast,  oxid  on  the 
other  hand  half-lif©  becomes  commensurable  with  the  heating  time  of  the  vessel. 


Sxperiaaits  w»re  coaductad  with  Bodtrata  filling  of  raaction  vMf«l  6  , 
in  order  to  oake  it  poesible  to  observe  the  course  of  disintegration  not;  only 
at  its  beginning  stages*  Curves  of  gas  formation  -  tise  and  rate  of  gas  forssa- 
tion  -  time  in  range  of  temperatures  145  -  171®  (fig*  5)  rjhw  that  the  general 
progress  of  disintegration  is  similar  to  that,  which  is  observed  for  other  nitro 
esters  (nitroglycerine,  nitroglycol,  nitrocellulose).  Gas  formation  starts 
uanediately  after  location  of  reaction  vessel  in  thermostat  and  continues 
with  increasing  speed,  and  after  passing  through  a  iBAyimM  it  decreases.  The 
gas  phase  acquires  a  yellow  color,  intensity  of  which  passss  through  iMfaHaHmt 
and  disappears  toward  the  end  of  disintegration. 

As  was  observed  for  nitroglycerine  and  nitroglycol  with  an  increase  of  <f 
the  initial  rate  of  gas  formation  aomevdiat  decreases.  In  a  region  of  S 

this  phenomenon  develops  more  strongly.  Thus  at  145®  initial  gas  formation 
rate  with <5  =  3  •  10“^  constituted  0.62  n  cm^/g  •  ain,  and  >dth§  = 

45  *  10“^  it  equaled  0.45  n  cm^/g  *  min(see  table  3  and  fig.  6).  Curves 
of  gas  formation,  rate  time  vdth  various  <S ,  shown  in  fig.  6,  indicate  that 
maximum  of  rate  also  decreases  with  increase  o£  S  *  It  is  necessary  to  mention 
however,  that  this  is  correct  only  for  small  S  »  when  the  pressure  of  disin- 
i  tegraticn  products  is  not  great  and  their  accelerating  action  is  not  developed, 

)  and  when  deceleratitxi  begins  rapidly  because  of  decrease  of  substance. 

Similarity  of  melted  PETN  with  nitroglycerine  end  nitroglycol  is  observed 
also  with  respect  to  the  effect  of  S  on  the  stage  of  acceleration  of  disinte¬ 
gration.  The  greater  the  cT  #  the  more  sharply  expressed  this  lujceleration. 

For  this  reason  during  large  £  acceleration  manages  to  quickly  coapaisate  lag 
of  speed  in  initial  stages  until  disintegration  begins  to  be  delayed  due  to 
decrease  of  substance  and  the  rate  gradually  becewes  greater  than  during 

This  shears  that  acceleration  in  decomposition  of  nitro  ester  depends  <m 
pressure  of  gasiform  disintegration  prcxiucts  or,  more  accurately,  on  their  con- 
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centration  in  ccsxienssd  jAiaae,  since  according  to  Henry *»  law  this  conceaitraticm 
is  proportional  to  pressure. 


,  Fig.  5.  Change  of  gas  formation  and  its  rate  in  time  during  diaintegra-  . 
tion  of  PETN  in  melt  in  a  temperature  range  of  145  “  171*^  and  <5*  11*10“^. 

I)?minute3j  2)f|r  n  cm^/g  •  min;  3)  V  n  cm^/g 

The  reason  for  the  effect  of  6  on  initial  disintegration  rate  is  less  clear. 
Fig.  6  for  comparison  presents  the  decomposition  curve  of  nitroglycerine. 

As  can  be  se<m  from  graphs  and  table  3,  PETN  in  liquid  y^ase  is  decomposed  at  a 
t®nperature  of  145*^  approximately  2  times  slower  than  nitroglycerine. 


Table  3 


Initial  disintegration  rate  of  FETN  and 
esters  at  145®  140®  and  different 

ing  of  vessel  (S) 


certain  other  nitro 
degrees  of  fill- 
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(X>  Iw 
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0,0112 

22,12 

2.9 

0,62 

- It — 1— 

(A} 

• 

0,0442 

22,13 
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0.53 
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0,1419 

22.65 

^5.4 

0.4& 

0.49  * 
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0,179B 

22,06 

46,4 

0.45 

0,45 

(3)  Hru 
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0,1414 
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43.6 

1,00 

— 

aP’-  1 
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0,7173 

151,30 

27.1 

0.45 
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0,0269 

5,74 

26,7 

0,55 

0.48 

(3)  Hru 

0 

0,0229 

4,78 

29,8 

3,15 

— 

(31) 

140 

0,0487 

9,21 

30,2 

0,28 

0/i8 

.  (60H.»nUl 

(*♦)  -iv*? 

(3)  «ru 

0 

0,0372 

5,99 

38,7 

0,58 

(JO  arji 

• 

0,0644 

18,38 

30,5 

0,S9 

1.48 

^4)  Mrmi 

• 

0,0230 

6,04 

27.3 

0.003 

2,92 

m  -  weighed  amount  of  explosive  substance j  Vp^^,  -  volume  of 
reaction  vessel;  vif  -  rate  of  gas  formation. 

1)  eoqjlosives  substance;  2)  PETN;  3)  nitroglycerine  (NG); 

U)J60^  solution  in  TOT;  5)  NGL;  6)  DGDN;  7)  gj  8)  Vp^p 

cto^;9)  ^initial,?  c^/g’^inj  10)(wppp  initial^A^  explosive 
initial Explosive  substance  initial. 

In  order  to  compare  the  decomposition  of  POTN  with  other  nitro  esters  (othylene- 

glycoldinitrate  -  NGL  and  diethyleneglycolxiinitrat©  -  JXJDN)  we  selected  as  the 

temperature  140®  (fig.  7).  It  is  true,  at  a  temperature  of  140®,  PETN  in  the 

beginning  of  the  experiment  has  to  be  in  solid  state,  but,  as  the  experiments 


conducted,  showed,  PETN  undergoes  fast  progressive  melting.  Thus,  in  the  ex¬ 
periment  with <5  =>  55*10"*^  12  minutes  after  submersion  in  thermostat,  it  urn 
observed  that  condensed  piiaso  was  partially  melted,  and  after  28  minutes  it  was 

already  completely  liquid.  The  progressive  melting  of  PETN  can  be  seen  also  on 
graphs,  where  the.  noticeable  acceleration  in  initial  sections  of  disintegration 


can  be  easily  seen. 


(i>  f4) 


Fig.  6.  Effect  of  <5  on  gas  formation  rate  during  disintegration 

of  melted  PETN  at  145^.  Numbers  by  curves  are  values  of  S  •  10^. 

1)  Gas  formation  ratej  2)  time  t  minutes  j  3H?^  n  cm?/g*min: 

4)  NG;  5)  PETN.  ^ 

Frcatt  fig.  7  and  table  3  it  is  clear  that  the  disintegration  rate  of  PETN 
at  140®  occupies  an  intermediate  position  between  decomposition  rates  of  nitro¬ 
glycerine  and  nitroglycol.  In  the  beginning  of  decomposition  it  is  less  by  a 
factor  of  2  than  for  nitroglycerine,  one  and  a  half  times  more  than  for  nitro¬ 
glycol,  and  approximately  three  times  more  than  for  diethyleneglycoldinitrate. 

For  a  reliable  c«»nparison  of  disintegration  of  PETN  at  I40®  witii  the  above 
mentioned  nitro  ester,  it  is  necessary  that  from  the  very  beginning  of  the  experi¬ 
ment  PETN  be  in  liquid  state.  This  condition  we  ensure  by  dissolving  PETN  in  a 
solvent  inert  at  this  temperature  -  trotyl. 

In  the  initial  stages  of  disintegration  in  the  case  of  pure  PETN  the  rate 
is  approximately  0.10  n  cm^/g>  while  in  the  case  of  solution  it  is  notice¬ 
ably  higher  -  0.28  n  ciP/g  •  rain.  Later  with  pi'ogressive  melting  the  rate 

in  the  first  case  increases,  attaining  the  value  of  the  decomposition  rate  of 
solution,  which  at  large  values  of  cT  becomes  higher,  thus  it  also  must  be  due 
to  the  effect  of  the  degree  of  filling  on  the  stage  of  disintegration  accelera¬ 
tion. 

The  course  of  disintegration  of  PETN  during  various  temperatures, as  graphs 
in  Fig.  5  show,  has  in  general  a  similar  character'#  On©  may  sea  this  more  graphic- 


ally  fig.  8^  wher«  cunras  V  *  4^(»)  rapractntad  in  ccnbinad  viMf. 
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Fig.  7.  Coeparison  of  theimal  disintegration  of  PBTN,  nitroglycerine, 
ethyleneglycoldinitrate  ^  diethyleneglycoldinitrate  at  140°. 

(Numbers  by  curves  *10^). 


1)  NGj  2)  PETNj  3)  NGL;  4)  DGIK;  5)Ztoute;  6)  V 
ci!p/g*min. 


n  cm3/gj 


In  a  caisdderable  .part  of  the  disintegration  a  change  of  time  scale  leads,  to  a 

good  combination  of  curves  in  all  the  t^iperature  range  from  145  to  171®.  ^ 

/,< 

Absolute  rate  gas  formation  grows  until  it  attains  approximately  3Q5<  its 

(  .  * 

magijitude  at  maximum  2.5  times  exceeds  initial  value,  after  which  deceliratidti , 
starts. 

By  the  dependence  of  the  transformation  coefficient  m  tmaperature  it  it- 

t 

possible  to  calculate  magnitude  of  activation  energy.  Corresponding  data, 
drawn  in  fig.  9  and  presented  in  table  4,  fall  well  on  straight  line  and  give 
E  “  39 » 000  cal/ffiole.  If  in  the  intial  stage  we  consider  disintegration  mcsio- 


I 


molecular,  then  the  constant  of  disintegration  rate,  calculated  frcaa  initial  rate 
of  gas  formation  at  160®  constitutes  6.86*10~5  sec”"^.  Pre-esjqsonential  multiplier 

•j  c  A 

in  Arrhenius  equation  is  equal  to  10  sec  . 


Fig.  8,  Ccrab-'jiation  of  cxirves  of  theriaal  deccaap9sition  of  PETN  in 
a  temperature  range  of  145  -  171°  and^  =»  11*10~*^. 

l)‘rHinutej  2)  V  n  cm^/g. 


Fig.  9.  Dependence  of  logarithm  of  coefficient  of  combination  K 
curves  V  =  /  (r)  on  reverse  temperature, 

1)  Ig  K  combined. 
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Dependence  of  disintegration  rate  of  PETN  on  tenperatiire. 
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!1,1 
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10,8 
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11.8 
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239,2 
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-0,693 

U.8 

145 

239,2 

0,200 

-0,609 

*  K  combined  =  ^  l60°/’^t°. 

Disintegration  of  PETN  in  Trotyl  Solutions 
The  investigation  of  the  disintegration  of  PETN  in  solutions  fxirsued  three 
main  goals.  Dy  comparing  the  disintegi’ation  rate  of  melt  of  PETN  aixl  its  solu~ 
tion  in  trotyl,  it  would  have  been  possible  to  establish,  whether  trotyl  affects 
the  disintegration  of  PETN  aid  what  is  the  character  of  this  effect.  Changing 
the  concentration  of  PETN  in  solution,  could  explain,  hw  it  affects  the  disin¬ 
tegration  rate  and,  thus,  establish  sequence  of  leading  reactions  during  the 
disintegration  of  PETN.  At  lost,  study  of  decomposition  of  -solutions  would 
allow  us  to  significantly  expand  the  temperattire  range  in  the  investigation  of 
thermal  disintegration  of  PETN  in  liquid  state  in  region  of  temperatures  lower 
than  the  melting  point  of  PETN, 

Cmparative  data  on  disintegration  of  melt  of  PETN  and  its  sdutioas  in 
trotyl  at  14.5°  are  presented  in  table  5  and  represented  in  fig.  IcA’.  It  is  clear 


1.  For  experim^its  on  disintegration  of  PETN  in  trotyl  solutions  I  was  calculated 
as  ratio  of  volume  of  weighed 'amount  of  PETN  to  sum  of  volumes  of  free  apace  and 
weighed  amount. 


that  trotyl  not  only  does  not  increase  the  disintegration  rate  of  PETN,  but  on 
the  contrary  sosuavihat  lowers  it.  Thus,  during  transition  from  melt  to  40^ 
solution  the  rate  decreases  by  10-15^j  for  %  solution  it  constitutes  nearly 
2/3  decocaposition  rate  of  melt.  However  this  decrease  in  rate  with  concentration 
is  too  small  to  make  it  possible  to  draw  conclusions  concerning  the  bimolecular- 
ity  of  the  leading  reaction,  and  is  connected,  apparently,  with  delay  of  sub¬ 
sequent  reactions  or  with  interaction  of  gasiform  products  of  disintegration  of 
PETN  with  trotyl,  proceeding  with  decrease  of  volume.  It  is  very  possible  also 
that  gasiform  products  of  disintegration  are  soluble  -n  trotyl,  which  causes  the 
apparent  decrease  in  their  quantity. 

Table  5 


Dependence  of  disintegration  rate  of  solutions 
of  PETN  in  trotyl  at  145°  on  concentration 
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1)  Concentrations  of  PETN  in.  solution  %  weight; 

initial,  \  3)  (W  TNT  initial)/^  . 

PETN  initial^?  =  100  rain.  5  5)  (w  pgTN  +  TNT)/ 

w  PETN; 

Fig.  11  presents  results  of  experiments  on  disintegration  of  50^6  solutions 
of  PETN  in  trotyl  at  120°  and  various  <5"  , 

As  at  145°  an  increase  in  the  degree  of  filling  of  vessel cS  leads  to  some 
decrease  in  the  gas  formation  rate  in  the  initial  stage  of  disintegration.  Thus, 
for  instance,  the  initial  gas  formation  rate  at  5  =  70*10“^  is  0,0218  n 

cmVg’min,  while  at  ^  =  273*10“^  it  is  0.015  ^  cm^/g.min. 


Fig.  10.  Effect  of  concentration  on  gas  formation  and  its  rate  during 
disintegration  of  PETN  in  trotyl,  solutions  at  145®*  Numbers  by  curves 
-  ^  of  PETN  in  trotyl  and  <5^  *  10^. 

1)T minute;  2)  V  n  cm3/g,  ,n  cra^/g,  min: 

The  general  picttire  of  the  develoment  of  gas  liberaticai  is  similar  to 
that,  vfhich  was  observed  during  disintegration  of  nitroglycerine.  On  the  graph 
two  stages  of  decomposition  are  clearly  noticeable:  the  initial  stage  with 
slowly  growing  gas  formation  rate  and  the  stage  of  its  rapid  growth,  the  earlier 
the  onset,  the  bigger  the  S  j  i.  e.  pressure  of  gasiform  disintegration  products. 
The  course  of  the  disintegration  of  %  solutions  of  PETN  in  trotyl  at  100® 
has  a  similar  character,  as  may  be  seen  from  graphs  in  fig.  12  and  13. 

Transition  from  first  stage  to  second  is  even  more  graphically  se^  in  fig. 

14  and  15,  depicting  in  logarithmic  coordinates  the  dependence  of  gas  formation 
rate  on  pressure  at  100  and  120®.  The  ciirve  of  each  experiment  can  be  represent¬ 
ed,  as  consisting  two  stimght  lines,  proceeding  under  various  angles  of  inclina¬ 
tion  and  correspondingly  reflecting  two  stages  of  the  decomposition  process; 
initial,  when  disintegration  rate  slightly  depends  on  pressure,  and  aeccaid  stage, 
when  rate  depends  on  it  considerably  more  sharply. 

3sf 


Fig.  11.  Change  of  gas*  formation  rate  in  time  during  disintegration 
of  PETN  in  50^9  trotyl  solutions  at  120®arvi  different  S  •  Numbers 
by  curves  -  S  *10r, 

1)  Tminutej  2)  cs^/g^ain. 

Table  6  presents  coefficients  of  the  equation,  expressing  linear  relationship 


between  logarithms  of  rate  and  pressures  Ig  Ig  A+B  Ig  p  in  the  second  stage 
of  disintegration.  At  100°  just  as  in  the  case  of  nitroglycerine,  the  gas  forma¬ 
tion  rate  in  the  second  stage  grows  proportionally  to  the  pressure,  approximately 
in  the  second  degree. 

0)  fa) 


Fig.  12.  Decomposition  of  PETN  and  nitroglycerine  in  5%  trotyl 
solutions  at  100°.  Numbers  by  curves  S  *10^. 

1)  NO+TNT;  2)  mWrNTi  3)'riiiinutei  4)  V  n  cm^/g. 


Fig.  13.  Change  of  gas  formation  rate  in  solutions  of  PEFN  and 
nitroglycerine  in  trotyl  ^th  titae  at  100°  and  different  6  . 
Numbers  by  curves  -  ^  ’ICr, 

1)  NOH’NTj  2)  PETNH^NTj  3)2ainutej  4)^^  ^Tn  cm^/g  min. 


Fig.  14.  Itependence  of  IgTU/on  Ig  p  during  disintegration  of  5% 
solutions  of  PETN  and  nitroglycerine  m  trotyl  at  100  and  differ¬ 
ent  S  -  Numbers  by  curves  -  <S  *10^. 

1)  Iffi+TNTj  2)  PETN^Wj  3)  Ig  P  mercur^Jj  k)4^A'C  .10^ 

n  ci?/g  •  ndn. 
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Table  6 


Dependence  of  disintegration  rate  of  PETN,  nitroglycerine 
and  their  solutions  in  trotyl  on  pressure  at  100  and  120° 
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BB 


Tsh 

Tsh 

(:y)Hru 
Hru 
Hru 


CoAepwauKe 
HHTp03({lXpa 

■ri7(3) 
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5 

5 

5 

5 


hmctuR 


30,0 

60,7 

114,0 

51,0 

29.0 

655,0 


120 


(^Tsh 

Tsh] 

(s)wix 

Hru 


50 

50 


70,0 
273,0 
75,5 
» 216,0 


Ig  A 


—5,39 

-6,84 

—7,27 

-6.78 


-5,10 

-5,30 


B 


1,40 

1,94 

1,90 

1,99 

2,4 

2.2 


1,06 

1,04 

2,0 

2.1 


1)  t  °Cj  2)  Explosive  substances;  3)  Contents  of  nitro 
ester  in  solution  %  weight;  4)  PETN;  5)  NG;  6)  Pure 

At  120°,  however,  the  disintegration  rate  of  PETN  in  trotyl  solution  in  the 


second  stage  grows  proportionally  to  the  first  degree  of  pressure,  while  in  the 


case  of  pu,-e  nitroglycerine  with  the  same  teinperatm*e  it  grows  proportionally  to 


the  square  of  pressure. 


Fig.  16.  Dependence  of  lga>  on  1/T  during  decomposititm  of  PETN 

in  trotyl  solutions  in  a  tanperature  range  of  ICX)  -  145°, 

1)  /■"  om3/g  ^iaj 


By  the  extrapolation  of  curves w<-r for  time,  equal  to  zero,  initial  gas  forma¬ 
tion  rates  were  determined  in  a  range  of  ICX)  -  145°  for  disintegration  of  solu¬ 
tions  of  PETN  in  trotyl  (see  table  7).  Magnitude  of  activation  energy,  determined 
by  angle  of  inclination  of  straight  line  Igw' initial  ~  Y  equals  40^.00 

cal/mole,  i,  e.  practically  the  same  as  for  melt  at  145  -  171®*  one  were  to  con¬ 
sider  disintegration  monomolecular  in  the  initial  stage,  then  the  constant  of  rate 

ft  -1 

at  110°  constitutes  8.57*10  sec  ,  and  the  pre-exponential  multiplier  in  Arrhenius 
equation  is  equal  to  lO^^*®  sec”^. 


Table  7 

Dependence  of  disintegration  rate  of  solutions  of  PETN  in  trotyl  on  Temperature 
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1 

tl(H 

1  CoxepwaHMe 
Tsua 

•  p«CT»ope 
(•jjS  KC. 

10^ 

H  CJHyz-JIUK 

Is  (^,.105) 
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60,7 

5,5 

0,93 

-0,032 

110  i 

1 

261,1 

303,0 

20,0 

3.75 

6,574 

120  1 

254,4 

46,7 

4.5 

15,50 

1,193 

130 

248,1 

59,0 

5.8 

58,00 

1,764 

145 

239,2 

30,7 

5,0 

300,00 

2,477  ’ 

1)  t  2)  Contents  c^PETN  in  solution  % 
weight;  3)  w  .initial  n  cr^/g.  min;  4) 

log  (w  initial  '  ) 

Disintegration  of  PETN  in  Solid  State 

If  PETN  in  melt  or  in  trotyl  solution  is  decomposed  with  a  rate  of  the  same 
order  as  nitroglycerine,  then  the  disintegration  of  solid  PETN  proceeds  both  in  the 
beginning,  and  after  onset  of  acceleration  much  more  slowly.  A  presentation  of  the 
difference  in  the  rates  of  solid  and  liquid  PETN  at  120°  is  given  by  the  graphs  in 
Fig.  17  and  Table  8. 


I)  t  ‘’Cj  2)  Aggregation  state  of  explosive  substances;  3) 

Solid;  4)  20^  solution;  5)  5C^  solution;  6)  6^  solution; 

7)  60^  solution;  8)  w  initial*  g’a  ®in; 

('^.liq  i;iitial)Aw  soUd  initial) ^  /S'  Jnin; 

II)  W57winitial5  log  (w  initiarlO^) 


,  Initial  disintegration  rate  of  solid  PETN  at  120®  is  65  times  less  for  PSTN 
in  solution  and  approximately  I30  times  less  than  for  pure  nitroglycerine. 

As  in  the  case  of  liquid  PETN  on  the  curves  of  gas  formation  for  solid  matter 
it  is  possible  to  distinguish  2  stages:  initial,  with  comparatively  slow 
grovrth  of  gas  formation  rate  and  the  stage  of  its  fast  growth  in  tin®. 


^6) 


Fig.  17.  Change  of  gas  fonnation  and  its  rate  in  time  during  disintegra¬ 
tion  of  solid  PETN  and  PETN  in  trotyl  solution  at  120®.  Nvanber  by  curves 
-  5  -loi. 

1)  PETN-WfiT;  2)  NG;  3)  PETN-solidj  4)  minutea;  5)  V  cm3/g. 


Characteristic  for  decomposition  of  solid  PETN  is  the  strong  acceleration 
of  gas  formation  depending  upon  the  degree  of  disintegration.  Thus,  for  example, 
before  liberation  of  5  cm^/g  of  gas  the  gas  font'ation  rate  in  the  case 

of  disintegration  of  solid  PETN  increases  approximately  40  times,  while  during 
decojttposition  of  PETN  in  trotyl  solution  it  increases  only  1.6  times.  A  similar 
case  was  observexi  by  Farmer  C^J  tiding  the  study  of  disintegration  of  tetryl. 
For  explanation  of  this  fact  he  assumed  that  there  occurs  progressive  melting  of 
solid  substance  in  the  course  of  its  disintegration. 

It  must  be  noted  that  in  all  disintegration  of  solid  PETN  at  120®,  and  also 
in  experiments  at  110  and  I30®  the  appearance  of  melt  was  not  detected  upon  fast 
removal  the  instrument  from  the  thermostat  and  eocamining  cf  crystals  by  the 
naked  eye  or  magnifier,  apparently  because  of  its  insignificant  quantity,  although 


dscorapositicm  was  brought  up  to  libsration  of  25  And  55  n  cB3/g  of  gases. 

However  at  temperatures ^  near  the  laelting  pointy  for  example,  135°>  ve  asust  quallta- 

tively  observe  progressive  melting  of  PETN. 

<0  * 

Vmt’/i 


-.i 


r-1 

Fig.  -18^  Change  of  gas,  foimationi^  time  during  disintegration  of  solid 


*  PETN  at- nof  aixi  S  *10^  =  875. 

.  1)  V  I  .  i  ci?/g;  2)  minute  ll 

.  Thus,  upon  attaining  2.7^  decomposition’  6T^]pir«it  substance  (*^20 


n 


cm^/g 


*  i.  *  f  ■ 

of  gases)  presence  of  a  liquid  phase  wasjhqt  noticed,  but  the  walls  of  the  vessel 

i  i  '  *  I'l 

'dicing  its  cqoling  the  formation  of  n«w,,'T^ry  fine  needle  small  crystals,  was  ob- 


i- 

snger 

I . 


iserved  and  ^he  old  large  crystals  no  longer  had  the  initial  sharp  outlines*  later 

•  '  I  '■ 


’during  3*1%  Aeco|iposition  (-^27 


'ca3/g  gases)  all  these  phmicx&ena  were 


observed  even  mobe  sharply,  the  outlines  of  the  old  crystals^  were  hardly  noticeable 
and  the  substance  formed  a  solid  mass.  Full  molting  set  in  approximately  during 
6^  decomposition  of  substancL  liberation  of  (^^45  a  cm^/g  of  gases).  At  140® 

'  '  I 

full  melting  was  observed  much  earlier,  namely,  during  deconpositicn  pf  only  1%  of 

’  *  ^ 
substance  liberation  of  (  6'-  7  cm^/g  of  gases). 

Results  of  the  study  of  disintegration  of  solid  PETN  in  a  temperature  range  of 
no  -  140®  (aee  fig.  18,  19,  20  and  table  8),  point  out  the  fact  that  in  the  growth 
of  disintegration  rate  action  appears  to  be  not  only  a  gradual  transiticsi  of  solid 
nAttor  into  liquid  phase,  but  also  a  factor,  determining  -the  .^cceleraticn  of  the 
disintegration,  of  liquid  nitro  ester,  i.  e.  dissolving  of  gasiform  products  of  di8~ 
integration  in  condensed  ]^£^e. 


If  disintegraticai  were  accelerated  only  because  of  progressive  melting, 
then  at  the  moment  of  complete  melting  of  substance  the  gas  formation  rate 
during  disintegratiwi  of  PETN  Icwer  than  its  melting  point  could  not  exceed 
initial  disintegration  rate  of  its  solution. 


Fig,  19.  Change  of  gas  formation  in  time  during  disintegration  of 
solid  PETN  a^  120  -  135°».  Numbers  by  curves  -  temperature  of  ex¬ 
periment  in  C  and  S  (in  parentheses). 

1)  minute j  2)  V  n  cra^/g. 


(m)  m* 

K  MUHQ) 


Fig.  20.  Changt  of  gas  formation  rate  in  time  during  disintegration  << 
of  solid  FETN  in  a  temperature  range  of  135^.  Numbers  by  curves 

-  temperature  of  experiment  in  ^  and  S  >10^  (in  parentheses). 

*  • 

1)  minute;  2)  ASZ/M  -  ICp  n  cn?/g  .min  :  ’ 

But  as  fig.  17  shdfs,  disintegration  rate  of  solid  FETN  attains  values  at  120^  I 

i  ■  ,1 

two  and  more  tines  exceeding  initial  disintegration  rate  of  its  solution  with  I  ■ 
same  temperature,  in  spite  of  the  fact  that  not  only  does  full  melting  not  o^ur, 
but  also  formation  of  melt  is  so  insignificant  that  it  mas  not  noticed  when 
amining  the  crystals  with  the  help  of  a  magnifier.  >  j 

From  graphs  of  Fig.  17-20  and  table  8  it  is  clear  that  with  an  increaje  | 
of  temperature  the  differmice  in  initial  disintf^ation  rates  of  solid  FETN  .  1 
its  soluticxi  decreases  and  idien  approaching  the  melting  point  the  ratio  mov  es  f 
toward  one.  . 

/•  ' 

The  tmperature  coefficient  of  gas  formation  rate  during  disintegration.,  j 
of  solid  FETN  is  rapidly  increased  with  increase  of  temperature  and,  theref'oref,  j 

r ' 

±t  one  were  to  construct  graph  IgV  initial  -  ^  («««  fig.  21),  then  a  lines  with  .  /' 
a  clear  cxirvature  is  obtained.  All  this  points  out  the  fact  that  using  t^s  \^ual 
method  to  calculate  activation  onergy  and  B  is  in  this  ease  Incorrect.  If  hue  I 


were  to  calculate  E  by  two  points,  corresponding  to  the  lowest  temperatures j 


then  51,500  caVmole  is  obtained,  but  with  two  higher  temperatures  (130  -  135o)/'  f  .  / 
-  72,800  caj/aole.  ^  i.i ’• 

V" 

ja 


Fig.  21.  Dependence  of  1/T 

diiring  disintegration  of  PETw^^a  temperature 
range  of  110  ~  l?!*^. 


1)  Liquid;  2)  Mating  point  141®C;  3)  Solid 
'*)  "initial- 10^ 


3^0 


t 

ThMe  peculiaritiM  of  disintffration  of  solid  FSIN  Itod  to  tht  thought 
that  thero  is,  possibly/J^lquid  phase,  already  in  the  rex^  beginning  of  disintegra¬ 
tion  before  the  foxnation  of  noticeable  quantities  of  the  condensed  product 
which  transfers  part  of  the  substance  into  li^iid  state.  It  is  possible  to 

assume  that  in  the  aj^pearance  of  liquid  phase  iiqpurities  contained  by  PETIf  in 

T  ''  i 

small  quantities  are  at  fanlt-^*  In  such  oass  the  initial  decceipositicn  ratjs^ 

of  FETN  will  grow  with  temperature  faster,  than  according  to  Arrhenius  law, 
because  of  an  increase  of  solubility  of  substance  with  the  rise  of  temperature 
the  quantity  of  liqtdd  phase  will  also  be  ineressed  in  impurities.  If  this  is 
so,  then  the  initial  disintegration  ratM  of  PETK  we  obtained  in  solid  state  are 
total  rates,  composed  of  decomposition  rate  of  solid  substance  ^  decomr- 

position  rate  of  liquid  PETN^  (»'21q)s 

)**• 

where  a  is  the  portion  of  liquid  PETH. 

This  equation  has  two  \uiknowns  (  a  andt#^}.  For  its  solution  it  is  necess¬ 
ary  to  determine  one  of  these  magnitudes. 

However,  disregarding  in  this  equation  term  (l-«  i«  taking 

conditionally  that  decomposition  goes  on  only  because  of  liquid  phase,  we  can 
obtain  the  following  Idaiting  values  of  the  quantity  of  the  latter  at  varioilus 
tm&peratures: 


1.  Hinshelwood  C^J  the  investigation  of  the  ’disintegration  of  solid 

tefcryl  also  concludes  that  even  after  thorough  purification  tetryl,  probably, 
still  contains  a  small  quantity  of  impurities,  which,  while  causing  the  appear¬ 
ance  of  traces  liquid  phase,  increase  the  initial  rate  of  its  deccmposition. 


2.  It  is  assumed  that  the  deco^KWiition  rate  of  impurities  equals  sero. 


(•),»-=^=0,0I0 

or 

1,0%; 

or 

1.5%; 

==^”==0,025 

or 

2,5%; 

or 

35% . 

It  is  clear  without  explanation  that  real  values  will  be  lower. 

From  table  8  it  is  also  clear  that  the  nsagnitude  of  acceleration  of  dis¬ 
integration  of  solid  PEITN,  i.  e.  the  ratio  of  the  rate  at  a  definite  degree  of 
disintegration  to  its  initial  value  with  an  increase  of  temperature  passes 
through  maxiioum.  Here,  apparently,  is  developed  siinultaneous  action  of  two 
factors . 

On  the  one  hand,  as  we  have  seen  above,  with  an  increase  of  temperature  the 
difference  in  initial  disintegration  rates  of  solid  and  liquid  PETN  decreases 
and  the  stronger  the  decrease,  the  nearer  the  melting  point.  Therefore,  when 
approaching  the  latter,  acceleration  of  the  p,*oce3s  of  gas  formation  init 

decreases  and  becomes  near  to  acceleration  during  disintegration  of  liquid  PETN. 

On  the  other  hand  at  low  temperatures  progressive  melting  of  PETN,  because 
of  a  significant  decrease  of  its  solubility  in  the  condensed  intemediate  product 
of  decomposition  is  expressed  weakly.  Therefore,  in  spite  of  the  fact  that  the 
difference  in  disintegration  rates  of  solid  and  liquid  PETN  at  low  tanperatxxres 
is  larger,  the  acceleration  of  gas  formation  still  turns  out  to  be  insignificant. 
At  a  certain  optimum  temperature  (between  110  -  130®)  the  effect  of  these  two 
factors  is  the  most  favorable  for  maximum  increase  of  acceleration  of  disintegra- 


' 


IMsintftgrfttiai  of  ?SSK  In  Va^r 

Ifee  doccopoflition  r*t«  of  nitroglycerine  end  nitroglycdl  in  vapor  is  tigni- 
I  ficantly  wore,  than-  for  liqfoid,  and  for  nitroglycerine  in  thi«  case  there  is  not 

:  observed  that  acceleration  of  gas  fonsaticai,  idiich  is  characteristic  for  disin-  , 

'  I 

t  tegration  of  liquid.  It  was  of  interest  to  study  PETN  in  this  respect.  Ifiien 

calculating  '  sasdaum  degree  of  filling,  i«ith  which  the  liquid  phase  is  still 
,  absent,  we  used  the  data  of  A.  P.  Belyaev  cwiceming  vapor  tensiwi  of  FETN, 

For  171^  vapor  tension  of  PETH  obtained  was  6.75  a»  of  aercxucy  and  liadt  value. 


(3) 

i0Sr 


2?3-3H»g.% 
7a0-444<22  400- 1.75* 


=0.45.10-^. 
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Pig.  22.  Disintegration  ^  PETN  at  171°  and  different  S  . 

Nunbers  by  curves  -  ^  *  10^. 

1)  With  an  increase  of  surfsce  8  tiaaesi  2)  minute;  3)  V  n  ca?/g 

On  graphs  of  Fig.  22  and  23  are  given  curves  of  gas  fowaation  at  171°  and 
various  .  Initial  rates  for  three  different  S  are,  respectively; 


for  S  “  17.9  n  .  ca^/g  *01115 

f or  ^  =  0«83*i0”'^  48»6  n  ca^/g  *01115 

for  S  «  0.43*10“^  88.4  a  cii?/g  •inin5 


Our  attention  is  drawn  to  the  faot  that  the  gas  formation  rate  considerably 
depends  c«i  S  ,  increasing  with  its  decrease.  This^  apparently,  basically  is 
caused  by  the  fact  that  the  reaction  rate  in  gas  phase,  a  portion  of  >diich  is 
increased  with  decrease  of  t£  >  is  significantly  more,  than  in  liuqid.  A 
seccsid  peculiarity  of  transfomation  during  small  S  is  the  fact  that  part  of  the 
acceleration  is  reduced,  and  with  €  *  0.43*10”^  is  practically  absent,  similar 


to  that  idoich  is  observed  for  nitroglycerine.  . 


If  one  were  to  accept,  in  accordance  with  the  above,  that  at  6“  ~  0.43*10' 
all  FETN  is  in  vapor,  and  to  compare  the  initial  disintegration  rate  during 
different  6  ,  then  calculation  leads  to  the  conclusion  that  PETN  in  vapor  is 
decomposed  6-8  times  faster,  than  in  liquid  state. 
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Fig.  23.  Change  of  gas  formation  rate  in  time  during  disintegra¬ 
tion  of  PETN  at  171®  and  differiart  S  .  Numbers  by  curves  S  *104. 
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Experiments  were  also  coalucted  with  filling  of  the 
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ies;  this  was  not  reflect<Ki  on  the  magnitude  of  the  rat©  which  iradicates 


s// 


(differing  f3rcB  nltrogl^eexine)  en  abtence  of  noticeable  heierogeneous  reaction 

i 

on  valle  of  vessel. 

Influence  of  Witter  and  Paygen  on  Disintegration  of 

FEW 

The  strong  and  unicpe  effect  of  water  on  disintegration  of  nitrogXjcerine 
C'^Ji  nitrogi^coH.  and  other  nitro  esters  is  known. 

Corresponding  experiments  were  set  up  at  110  -  120^  also  for  FEW  in  the 
form  of  its  soluticn  in  trotyl  (fig.  24  and  25)*  As  in  the  case  of  nitroglycerine^ 
in  the  beginning  of  the  experiment  a  lowering  of  pressure  is  observed^  but  the 
character  of  this  decrease  in  both  cases  is  sameidiat  different.  While  in  experi¬ 
ments  with  nitroglycerine  on  a  section  of  the  pressure  -  time  curve  there  is  an 
area  of  practically  constant  pressure,  after  idiich  its  fast  drop  begins,  in  the 
case  of  PEXN  the  area  is  inconspicuous,  and  pressure  decreases  more  8BKX>thly. 
Increase  of  initial  vapor  pressure  of  water  increases  depth  of  drop  on  graph  and 
^  more  strongly  accelerates  process,  of  gas  fonoation,  reducing  the  time  to  the 
beginning  of  sharp  acceleratiixi  of  disintegration.  To  explain  the  nature  of  this 
drop  expexdaents  were  conducted  on  the  dissolution  of  vaporous  water  in  melted 
trotyl  at  HO  -  120®.  As  can  be  seen  from  fig.  24  and  25,  the  curve  of  prwisur® 
i  decrease  almost  exactly  follows  the  path  of  the  curve  for  disintegraticm  of  a 
soluticsi  of  fETN  in  trotyl  in  the  presence  of  water.  This  indicates  that, 
the  main  cause  of  the  appearance  of  the  drop  is  dissolution  of  water  vapor  in 
liquid  phase. 
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Fig.  24.  Dcccmpoaitlon  of  PETN  in  trotyl  solution  in  presence  of 
water  at  120°.  Nunbers  by  curves  -  S  *10^. 

1)  p  m  of  mercuryj  2)  TKT+K20i  3)  Without  water; 


Fig.  25.  Dscomposition  of  PETN  in  trotyl  solution  in  presence  of 
water  at  110°,  Numbers  by  curves  -  S  'ICr, 

1)  Pressure  p  aaa  of  mercury;  2)  In  the  presence  of  water;  3) 
TUT  with  water;  4)  Without  water;  5) 2r minute. 
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Fig.  26.  Decooiposition  of  solid  PETN  in  the  presence  of  water  and 
oxygen  at  120®, 

1  -  pure  PETNj  2  -  in  presence  of  oxygen  (PO2  402  sun  of  aerctiry) 

3  -  in  presEnce  of  water  504  aa  of  mercnry);  4  -  in  pre¬ 
sence  of  water  and  oxygen  (pg  =  1^2  mercnry;  pHpO 

of  mercury.  Numbers  by  curvei  -  S  *10^. 

a)  p  mm  of  mercuryj  b)Tminute 

Results  of  the  investigatiwi  on  tlie  effect  of  water  on  disintegration  of 
solid  PETN  at  120®  are  shewn  in  fig,  26,  For  nearly  four  hours  pressure  remains 
constant,  while  during  disintegration  of  the  substance  without  water  during  that 
time  the  pressure  grew  to  15  m.  of  mercury.  From  the  graph  it  is  clear  that 
water  two  and  more  times  reduces  the  induction  period  before  onset  of  sharp 
acceleration  of  disintegration  and  leads  to  a  more  vigorous  increase  of  the  rate 
in  this  stage, 

Ejqperiments  on  disintegration  of  liquid  PETN  in  the  presence  of  (X^gm 
(fig.  27)  showed  that  caygen  does  not  affect  rat©  of  gas  formatioi  in  initial 
stage  of  disintegration,  but  r^ucea  time  to  (mset.  of  sharp  acceleration. 

Oxygen  exerts  a  similar  influence  also  during  disintegration  of  solid  PSTN  (fig,  ,^5) , 


The  time  to  onset  of  sharp  acceleration  is  especially  strongly  reduced 
during  the  joint  presence  of  water  and  oxygen  (curve  4). 
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Fig,  27.  Decomposition  of  melt  of  PETN  in  the  presence  of  oxygen 
at  145°. 

1  -  pure  PETN;  2  -  in  the  presence  of  oxygen  at  =  1930  mm  of 
mercury;  3  -  the  same  at  pq2  *=  324  Ma  of  mercury,  ^Numbers  by 
curves  -  6  *10^. 

a)  V  n  cm3/g;  b)  ^minute 

Discussion  of  Results 

The  data  obtained  on  the  disintegration  rate  of  PETN  at  different  tempera¬ 
tures,  both  above  and  below  melting  point,  show  the  groundlessness  of  ideas  that 
the  increased  stability  of  PETN  is  determined  by  peculiarities  of  its  chemical 
structure.  If  one  were  to  exclude  the  effect  of  the  state  of  aggregation,  i,  e, 
to  compare  liquid  PETN  with  other  liquid  nitro  esters,  then  their  disintegration 
rates  turn  out  to  be  very  close  just  as  tho  main  ki^ietic  characteristics.  This 
circumstance  is  not  surprising,  since  the  primary  stage  during  disintegration  of 
nitro  ester  is  considered  a  breakaway  of  the  NO2  ••  group,  but  to  expect  essential 
distinctions  in  activation  energy  of  this  process  for  such  substances,  as  for 
example,  methylnitrate,  PETN  and  nitroglycerine,  has  no  foundations. 

liquid  PETN  has  much  in  coBWon  with  nitroglycerine  and  other  nitro  esters 
also  with  respect  to  develofsnent  of  disintegration  in  time.  This  refers  both  to 

Sft 


I  the  fact  that  it  a  two^phaee  proceae,  and  also  to  the  effect  of  the  degree 

I  of  filling  of  reacticm  veaeel  by  esq^^oeive^  an  inereaee  of  idiich  decreases  gas 

fomation  rate  in  the  first  stage  and  increase  it  in  the  seccnd.  If  this  last 

effect  is  definitely  ccmected  with  the  achievanent  of  a  certain  pressure  of 

I  gasifom  products  of  disintegration  and  corresponding  to  a  certain  critical 

concentration  of  them  in  liquid^  then  the  nature  of  acceleratioi  in  the  initial 

stage  is  not  fixed.  Apparently^  this  acceleration  is  the  result  of  the  course  of 

successive  reactions ^  during  which  in  their  first  stages,  less  gases  will  be  liber¬ 
ie/ 

ated  than/subsequent' stages. 

Experiments  on  decomposition  of  solution  of  PETN  in  trotyl  show,  first,  the 
inaccuracy  of  the  conclusion  of  a  number  of  preceding  investigators  concerning 
the  fact  that  trotyl  accelerates  the  disintegraticai  of  PETN.  In  reality  the 
presence  of  trotyl  even  leads  to  some  delay  of  gas  formation,  but  this  effect  is 
small  and  trotyl  can  be  c(xi8idered  as  almost  an  inert  solvent.  The  absence  of  a 
substantial  dependence  of  disintegration  rate  on  concentration  shows  that  main 
reactions  are  reactions  of  first  order.  This  indicates  that  the  kinetic  character¬ 
istics  (E  and  B)  of  decomposition  of  PETN  in  trotyl  solutions  ars  practically  the 

I 

^  same  for  its  melt,  during  which  B  has  normal  value.  In  this  respect  our  results 
I  differ  with  the  data  of  a.  Robertson  obtained  for  melt  a  value  of  acti- 

f 

I  vation  energy  of  47,000  cal/mole  instead  of  39,500  cal/wole  for  solution.  This 

? 

J 

I  circumstance,  possibly,  is  connected  with  the  fact  that  Robertson  conducted  ex- 
■  periments  at  higher  temperatures  (160  -  225®),  when  a  noticeable  part  of  the  • 
substance  increasing  with  ta&perature  changed  into  vapors,  which,  as  was  shc^ 
in  this  work,  are  decomposed  considerably  faster. 

Disintegration  of  PSTN  at  toaperatures  lower  than  its  melting  point  differs 
considerably  from  disintegration  of  liquid  in  the  first  pOLace,  according  to  the 

magnitude  of  the  rate  of  initial  stage,  iidjich  is  40  -  100  times  (depending  upon 

* 

t;62»psr«ture)  less  than  for  melt  or  solution.  Tliis  circumstance  is  not  surprising, 

Sff 


still  Hinsheiwood  C^J  Famer  C^J  ^  example  of  tetryl  established 
that  melt  is  decomposed  significantly  faster  than  solid  matter.  This  phenomenon 
was  observed  later  for  a  nxanber  of  explosive  and  noneaqjlosive  substances  /”l2_7« 
Its  causes,  however,  were  not  established  and  that  explanation,  which  Hinsheiwood 
gave,  is  difficult  to  bring  into  quantitative  agreement  with  esqDerimental  data. 
Thus,  the  difference  in  disintegration  rates  of  solid  and  liquid  PETN  represents 
a  particular  case  of  general  phenomenon,  as  was  shown  as  far  back  as  1939  -  1940 
by  K,  K.  Andreyev  aixl  V.  P.  Maslov,  by  establishing  that  the  disintegration  rate 
of  liquid  PETN  (at  145°)  is  not  affected  by  trotyl.  This  case  is  more  complicated 
than  the  one  examined  by  Hinsheiwood  for  tetryl.  There  decomposition  leads  to 
fomation  of  a  stable  intermediate  product  (according  to  Hinsheiwood  -  picric 
acid),  the  accumulation  of  idiich  causes  progressive  liquefaction  of  tetryl.  The 
same  product  catalyzes  transformation.  During  disintegration  of  PETN  liquefact¬ 
ion  can  occur  because  of  formation  of  an  unstable  intermediate  product,  the 
concmitration  of  which  is  small  and  transition  into  liquid  state  of  PETN  can  be 
only  partial.  Besides,  in  the  case  of  PETN  gasiform  products  of  disintegration 

strong  accelerating  influence  and  thus  acceleration  of  the  latter  has  ' 
a  dual  nature.  In  any  case  the  accelerating  influence  of  liquefaction  completely 
explains  the  observaticai  of  former  investigators  relative  to  the  effect  of  im¬ 
purities  car  the  stability  of  PETN.  Tlius,  the  difference  in  molecular  weights 
naturally  esqplains  the  observation  of  Urbanski  and  collaborators  c<»icem- 

ing  the  fact  that  at  equal  weight  the  contents  of  trinitro  compounds  have  a 
weaker  effect  than  dinitro,  and  finally,  tbanmononitro.  In  principle  L.  Avogadro 
correctly  explains  the  difference  in  effect  of  trotyl,  pentaerythriteacetate 
and  nitrodig3ycol  with  different  solubility  of  PETN  in  them,  Well-grounded  also 
are  his  conclusions  that  with  a  lowering  of  temperature  of  the  experiment,  de¬ 
crease  in  disijitegrati(ni  rate  will  beccme  Idas  because  of  a  decrease  in  solubility 
and  that  below  the  eutectic  point  it  is  absent.  The  conclusicm  corresponds 


i 


;  fully  to  the  conclusion  of  K.  K.  Andreyev  and  V.  P.  Maslov  (1940),  inade  by  thm 

i 

i 

I  because  of  the  absence  of  an  effect  of  trotyl  oa  the  disintegration  rate  of 

i 

j  liquid  PETN. 

From  the  difference  in  decomposition  rates  in  liquid  and  solid  states  of 
aggregation  it  foHcers,  particularly  that  to  guarantee  inaxlmuza  stability  of  PETN 
and  analogous  substances  one  should  seek  full  purification  of  products  from 
impurities  soluble  in  them*  Just  so  w  must  consider  possibility  of  liquefaction 
also  during  the  use  of  alloys  of  PETN,  It  is  true,  in  this  case  <»ie  should  con¬ 
sider  that  lowering  of  stability  for  this  reasoi  can  be  observed  only  if  part  of 
the  product  changes  into  liquid  state,  i.  e.  during  relatively  increased  tempera¬ 
tures,  There  are  no  foundations  for  expecting,  for  example,  that  trotyl  will 
have  an  effect  on  the  disintegration  rate  of  PETN  at  rom  awi  near  rocm  tempera¬ 
tures. 

The  considerable  difference  in  disintegration  rates  of  solid  and  liquid  sub¬ 
stances  can  serve  as  a  soxirce  of  error  when  determining  kinetic  characteristics 
of  decomposition  at  temperatures  lower  than  melting  point.  Let  us  assume  that  a 

i  product,  which  we  consider  pure,  contains  a  small  quantity  of  soluble  impurities. 

i  If  we  determine  the  disintegration  rate  at  relatively  low  temperature,  then  all 

f 

;  ^'.he  substance  will  be  in  solid  state  and  be  deccmposed  consequently  with  little 
speed.  Determining  the  rate  near  (but  belcw)  melting  point  we  will  have  part 
of  the  products  in  liquid  state  and  the  disintegration  rate  will  be  greater  not 
only  because  the  temperature  is  higher,  but  also  because  of  partial  liquefaction 
of  substance.  Not  considering  this  last  circianstance  and  calculating  activation 
energy  by  the  usual  formula  £«»/?•  In  *  we  will  obtain  an  oversiai-Kl 

value  of  E,  aiKl  as  a  result,  B  also.  We  must  however,  add  that  if  this  expl^rn- 
tion  is  correct,  then  the  disintegration  rate  of  solid  PETN,  free  from  Impurities, 
at  all  temperatures  is  many  times  less  than  liquid,  and  the  actual  relationship 
of  rates  is  less  than  the  experiment  gave  for  temperatures,  near  melting  point. 

J?/  _ 


Regardless  of  the  explanation  concerning  the  strong  toaperature  dependence 
of  the  rate,  fron  this  fact  itself,  it  follows  that  the  disintegraticxi  rate  of  . 
solid  PETN  at  low  temperatures  is  indeed  small  and  much  less  than  for  liquid  nitro 
ester,  including  also  solution  of  PETN. 

Evexybhing  said  about  solid  PETN  refers  to  the  initial  stage  of  disintegration! 
later,  when  partial  liquefaction  of  PETN  sets  in  and  the  accelerating  action  of 
gasiform  products  is  developed,  the  rate  increases.  This  increase  is  larger  than 
for  liquid  PETN,  idiere  one  factor  of  acceleration  acts,  and  the  difference  in 
rates  becomes  smaller,  but  still  the  rate  for  solid  PETN,  other  conditions  being 
equal,  always  remains  less. 

Results  of  the  study  of  decompositicm  of  PETN  in  vapor  are  interesting  in 
the  respect  that  similar  to  other  nitro  esters,  PETN  in  this  state  is  charac¬ 
terised  by  a  high  disintegration  rate,  although  the  difference  between  liquid  and 
vapor  is  less  than  during  transiticai  from  solid  state  to  liquid;  acceleration  is 
absent;  there  is,  apparently,  no  heterogeneous  reaction  on  the  surface  of  the 
glass « 

Analogy  with  other  nitro  esters  is  observed  also  with  respect  to  the  action 
of  water  and  coygcn,  which,  while  not  appearing  to  have  noticeable  effect  on  ini¬ 
tial  stage  of  decomposition,  shortoi  the  time  period  to  the  onset  of  accelera- 
ti<^. 

AH  these  observations  during  thermal  deccmposition  of  PETN  fall  in  the 
general  diagram  of  the  disintegration  of  nitro  esters,  according  to  which  the 
initial  reaction  of  disintegraticxi  is  the  aetachment  of  NO2  gruup.  Nitrogwi 
dioxide  thcei  oxidises  the  radical  organically-reducing  itself  to  NO.  With  this 
water  accumulates  and  hydrolytic  reaction  develops.  The  rate  of  this  reactioi 
abruptly  increases  after  achievement  of  a  definite  concentration  of  acid,  formal 
with  hydrolysis  arKi  by  means  of  the  interacticm  of  NO2  with  water.  The  concen- 
tration  of  acid  and  water  in.  liquid  phase  depends  also  .on  their  pressure  over 
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Uqidd,  vdilch  in  turn  is  determined  by  degree  of  filling  of  reaction  vessel  by  the 
anbstance.  In  the  presence  of  acid  the  rate  of  hydrolytic  reaction  is  so  greats 
-{:esj,  compared  with  the  rate  of  the  reaction  of  the  first  stage,  that  its  onset 

i  ■ 

si^ifies  a  strong  and  sharp  rise  in  rate,  which  ccaistitutea  one  of  the  main  pecu¬ 
liarities  of  disintegration  of  nitro  ester  and  during  suitable  conditions  can  lead 
!,  to  thermal  triggering  of  explosion. 

The  addition  of  water  to  PETN  makes  possible  from  the  very  beginning  the 
■  course  of  hydrolytic  reaction.  Besides,  with  this  reaction  will  be  formed  not  oxide 
of  nitrogen,  but,  judging  by  data  for  nitroglycerine,  -  directly  nitric  acid, 

I  The  accelerating  action  of  oxygen  one  should  attribute  to  the  conversion  of 

t 

* 

oodde  of  nitrogen  into  dioxide  idiich,  on  the  one  hand,  accelerates  oxidizing  re- 

Aqtions,  and  on  the  other,  promotes  an  increase  in  the  concentration  of  acid.  The 
especially/ 

‘  /  strong  affect  of  oxygen  is  developed  during  thermal  decomposition  of 

I  ;nitro  esters  like  nitrocellulose  and  diglycoldinitrate,  whose  products  of  initial 
i.  stages  of  disintegration  strongly  reduce  NO^,  As  a  result  of  this  reduction  in 
I  ,  absence  of  oxygen,  disintegration  becomes  self  stabilized,  that  is  its  sharp 

I  '> 

I 

acceleration  does  not  set  in  at  all,  at  least  at  increased  temperatures  (above  100°) 


Conclusions 

D3.8integration  of  PETN  in  melt,  solution,  vapor  and  solid  state  was  studied 

■A 

'.by  the  manometric  method.  Disintegration  rate  was  the  biggest  in  vapor  and  raall- 
*  ast  in  solid  state.  Melt  amd  solution  (in  trotyl)  are  identical  in  rate  of  decom- 
positioi  and  occupy  an  intermediate  position,  near  to  other  nitro  eaters  (nitro- 

)- 

glycerine,  nitroglycol) .  Disintegration  in  vapor  proceeiis  at  a  rate,  diminishing 

f 

in  time.  In  liquid  and  solid  states  are  observed  two  macrostages  of  disintegration: 

I 

&)  with  a  small  slightly  increasing  rate,  not  accelerated  by  gasiform  products  of 
disintegration  and  b)  characterized  by  a  strong  increase  of  rate  in  ccainection 
with  hydrolytic  action  of  formed  water,  strengthened  by  acid  products  of  disinte- 
gration. 
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The  deccKposition  rate  of  eolid  PETK  increases  also  as  a  result  of  its  partial 
liquefaction  by  products  of  disintegration.  The  comparatively  high  stability  of 
PETN  at  normal  temperatures  is  caused  by  the  fact  that  it  is  in  solid  state. 

Trotyl  somevdiat  lowers  the  decompositiim  rate  of  liquid  PETN  and  can  accelerate 
disintegration  of  solid  PETN  only  in  so  far,  as  part  of  the  latter  changes  into 
liquid  state. 
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B.  S.  Svetlov 

19.  Thermal  Disintegration  of  Diethylene  Glycol  Nitrate  in  the  Liquid.  Hiase 

Prom  a  number  of  liquid  nitro  esters  the  moat  fully  studied  with  respect  to 
thermal  disintegration  is  nitroglycerine  /”2_7,  C'iJi  C^J *  For  it, 

besides  the  basic  kinetic  charact eristics,  were  established  the  following  pecu¬ 
liarities  of  disintegration:  1)  The  presence  of  two  kinds  of  disintegration, 
one  of  iidiich  is  distinguished  by  a  very  strong  degree  of  self-acceleration,  as 
a  result  of  which  the  speed  of  decomposition  can  be  increased  one  hundred  and 
more  times;  2)  The  ability  to  easily  and  with  self -acceleration  to  interact 
with  added  water. 

These  peculiarities  are  conditioned  by  the  fact  that  during  disintegration 
of  nitroglycerine  in  it  side  by  side  with  other  products  nitrogen  dioxide  is 
accumulated  /~6_7,  and  also  nitric  and  nitrous  acids,  foimed  as  a  result  of 
hydrolysis  of  nitro  esters  and  interaction  of  water  with  oxides  of  nitrogen. 

The  indicated  products  also  lead  to  self-accelerating  decomposition,  developed 
due  to  hydrolysis  of  nitro  esters  by  water,  formed  as  a  result  of  oxidizing 
reactions.  Accumulation  of  nitrogen  peroxide  and  acids  is  conditioned,  appar¬ 
ently,  by  the  relatively  low  speeds  of  their  reduction. 

Niti*oglycol,  and  also  according  to  the  data  of  B.  I.  Kaydymov  and  penta- 
crytzlte-tetranitrate  in  a  fusion  or  in  solution  generally  exhibit  the  same 
regularity  of  disintegration  as  that  of  nitroglycerine. 

"liermal  disintegration  of  practically  important  nitro  esters  of  diethylene 
glycoldinitrate  to  the  present  time  has  not  been  studied  much.  In  distinction 


from  nitro  esters  of  the  nitroglycerine  type  diothyl«Eie  glycoldinitrate  is 
characterized  by  the  presence  of  an  ethereal  grouping,  and  also  a  relatively 
snail  number  of  nitrate  groups,  on  an  atom  of  carbon  in  its  molecule.  It  was 
possible  to  expect  that  the  indicated  circumstance  will  be  reflected  on  the  regu-> 
larities  of  decomposition  of  this  nitro  ester. 

For  study  of  thermal  decomposition  of  diethylene  glycoldinitrate  mancmetric 
methodology  was  used  with  a  glass  manometer  of  Bourdon,  the  type  allowing  to 
change  the  degree  of  filling  of  the  reaction  vessel  with  a  substance  in  wide 
limits. 

Diethylene  glycoldinitrate  was  pa»epared  by  the  usxial  method  axyi.  after  thor¬ 
ough  washing  from  acid  was  preserved  in  an  exsiccator.  Temperature  of  hardening 
of  the  obtained  nitrate  in  stable  modification  constituted  3.1°* 

The  experiments  were  conducted^  in  a  temperature  range  of  60  -  150®.  In 
figures  1,  2,  3  are  curves  of  gas  formation  in  time  for  experiments  at  100  -  150® 
with  small  and  moderate  degrees  of  filling  of  ampoules  {  ^  ~  0.0013  -  0.33)^. 

All  cuarves  of  change  of  gas  foxmatiai  in  time  have  a  ccmparitively  simple  form. 
The  increase  of  pressure  of  gaseous  products  of  decomposition  takes  place  mono¬ 
tonously  with  very  small  and  practically  constant  acceleration.  Speed  of  gas 
formation  in  the  process  of  decomposition  increases  only  by  3  -*  4  times  as  com¬ 
pared  with  initial  speed.  Iii  this  respect  diethylene  glycoldinitrate  consider¬ 
ably  is  distinguished  from  nitroglycerine,  the  disintegration  of  which  in  these 
conditions  is  accompanied  by  very  sharp  acceleration. 

Initial  speed  of  gas  formation  at  thermal  decomposition  of  diethylene 
glycoldinitrate  depends  on  S  ,  decreasing  with  the  increase  of  the  latter,  simi- 

1.  Students  0.  I.  Sergiyenko  and  M.  P.  Koshkin  took  part  in  the  experiments, 

2.  Magnittxie  e  correspoaids  to  the  relation  of  the  volume  of  nitro  esters  to 
the  volume  of  the  ampoule  in  idiich  the  experiment  was  c<aiducted. 


lar  to  hw  this  is  observed  for  nitroglycerir^.and  other  liquid  nitro  esters. 


Fig.  1.  Thermal  decomposition  of  diethylene  giycoldinitrate  at  140-150®. 

Numbers  by  curves  -  degree  of  filling  of  ampoule  S  ,  10  ^ .  1)  Volume 

of  gaseous  products  of  disintegration  V  cm^/g;  2)  Time’T'  minutes. 

Dependence  of  initial  speed  of  gas  foxmtion  on  temperature  is  subordinated  an 
Arrhenius  eqiiation  and  is  represented  in  fig.  4*  Slope  of  the  straight  lines  on 
this  figure  in  coordinates  Ig  ^  —  4  is  approximately  identical  for  different 
series  of  experiments,  distinguished  by  degree  of  filling  of  reactiem  vessel  with 
nitro  esters,  at  the  time  wiisn  the  absolute  values  of  initial  speeds  of  gas 
formation  change  vdth  magnitude  ^  .  Activation  energy,  calculated  for  the  des¬ 
cribed  e:)qperiments,  constitiites  nearly  42  kilocalories  mole,  and  the  logarithm 
of  the  pre-exponential  multiplier  is  16,5.  These  magnitudes  are  near  to  those 
obtained  for  disintegration  of  nitroglycerine  in  the  same  conditions.  The  ab¬ 
solute  values  of  initial  speeds  of  gas  foimtion  at  disintegration  of  diethylene 
giycoldinitrate  are  approximately  5  times  less,  than  for  nitroglycerine  and  close/ 
to  speeds  of  gas  formation  at  disintegration  of  nitroglycol  and  nitrocellulose 
C^J*  For  comparison  of  these  data  among  themselves  in  the  table  are  th®  values 
of  constants  of  disintegration  rate,  caloulat«i  by  an  equation  for  monoiaoiecular 
reaction  on  the  initial  section  of  gas  formation  at  0,01  (see  page  277). 


Fig.  2.  Thermal  decomposition  of  diethylene  glycoHinitrate  at  120®. 

Numbers  by  ciirvea  -  degree  of  filling  of  ampoule  .10^  .  1)  Volme 

gaseous  products  of  disintegration  V  co3/gj '  2)  Time  T  niinutes. 


Fig.  3.  Thermal  deccmposition  of  diethylene  glycoldinitrate  at  100°. 

Numbers  by  curves  ~  degree  of  filling  of  ampoule  <5  ,  lo^.  1)  Volume 
of  gaseous  products  of  disintegration  V  cm^/gj  2)  TimeTminutes. 
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Fig.  4.  Influence  of  temperature  on  initial  speed  of  gas  formaticai 
during  thermal  decomposition  of  diethylene  glycoldinitrate. 

Numbers  by  straight  lines  -  degree  of  filling  of  ampoule  6,  1)  Initial 

Constants  of  speeds  of  gas  formation  during  disintegration  of  certain  nitro  esters 


in  Sec  -  1. 
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Thus,  diethylene  gil^coldinitrate,  in  spite  of  the  proximity  of  initial  speeds 
of  its  disintegration  to  the  disintegration  rates  of  other  liquid  nitro  esters, 
is  distinguished  from  them  by  the  absence  of  a  stage  of  sharp  acceleration  of 
disintegration. 


} 


Fig.  5.  Therm&l  decomposition  of  dieth:'lene  glycoldinitrate  at  a 
great  degree  of  filling  of  ampoule. 

Degree  of  filling  of  ampoule  6  :  1-0. 95j  2-0.83;  3-^.90;  4-0. 60j 
5-0.90;  6-0.663;  7-0. 90j  8-0.77;  9-0.45.  a)  Pressure  p  mm  Hg; 
b)  Time *r* minutes. 

It  is  known  that  an  increase  of  degree  of  filling  of  the  ampoule  promotes  develop¬ 
ment  of  self -accelerated  decomposition  of  such  nitro  esters,  as  nitroglycerine, 
nitroglycol  and  others,  since  the  approach  of  the  stage  of  sharp  acceleration  of 
disintegration  is  connected  with  the  active  participation  in  this  process  of 
gaseous  products  of  decomposition  >  C^J ‘  Considering  this,  was 

possible  to  expect  that  an  increase  of  6  will  allow  to  receive  sharper  accelera¬ 
tion  also  d  iring  disintegration  of  diethylene  glycoldinitrate. 

The  experiments  were  conducted  at  60  -  I40®  and  6  from  0.45  to  0.95.  Their 
results  are  shown  in  fig.  5.  At  140°  gas  formation  was  so  fast  that  a  kinetic 
curve  could  not  be  taken. 

As  can  be  seen  from  the  graphs,  decomposition  in  these  conditions  proceeds 
approximately  the  same  way.  As  at  small  ^  .  In  beginning  of  disintegration 
there  is  observed  certain  acceleration  by  2  -  3  times,  after  which  a  growth  of 
pressure  occurs  almost  in  a  straight  line.  Dependence  of  initial  speed  of  gas 
formation  on  temperature  also  is  subordinated  by  Arrhenius  equation,  (see  fig.  4), 
aiKi  besides  the  activation  energy  E  constitutes  41  kilocalories  mole,  i.  e,  the 
magnitude,  practically  equal  to  that  observed  for  smaller  6  . 
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Fig.  6.  Thermal  decomposition  of  diethylene  glycoldinitrate  in  the 
presence  of  water  at  120®  and  degree  of  filling  of  ampQiile  6  =  O.O’O 


-  D.033* 


Contents  of  water  in  ^  by  weight:  1  -  O.Oj  2  -  0.13|  3  -  0*24; 

4  1  0.60.  a)  Prei^sure  p  mm  Hqj  b)  Time  ■*tr  minute. 
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In  this  respect  diethylene  g3”coldinit rat e/greatly  distinguished  from  nitrogly- 
I  cerine,  for  which  magnitude  E  at  low  temperatures  (40  100®)  and  large  6  is  ccm- 

I  paratively  small  (29  kilocalories  mole).  In  accordance  with  this,  if  at  100^ 

I  decomposition  of  nitroglycerine  proceeds  3  times  faster,  than  diethylene  glycoldi¬ 
nitrate,  then  at  60°  the  difference  becomes  significantly  larger  and  reaches  20  -/ 

■  30  times.  ' 

I  Thus,  one  of  the  distinctive  peculiarities  of  disintegration  of  diethylene 

1 

I  glycoldinitrate  is  the  absence  in  the  described  conditions  of  the  ecq)eriinent  of 
^  that  sharp  self-acceleration,  vdiich  characterizes  decomposition  of  other  studied 
liquid  nitro  esters  (nitroglycerine,  nitroglycol,  TEN  fusion). 

The  experiments  conducted,  on  decomposition  of  diethylene  glycoldinitrate 
jin  the  presence  of  water  (see  fig.  6),  indicated  another  distinctive  feature  of 
this  nitro  ester. 


j  At  the  time  vdien  disintegration  of  nitroglycerine,  nitroglycol,  and  also  in 
■known  conditions  pentacrjiihrite  tetranitrate  in  the  presence  of  water  is  charac- 
iteriaed  by  a  section  of  constant  pressures,  after  which  follows  a  clear  depress¬ 
ion  on  curve  p»/(t)  with  subsequent  acceleration^  approaching  significantly 


earlier  aiKi  more  sharply,  than  during  disintegration  of  a  dry  substance,  gas 
formation  during  decanposition  of  moist  diethylene  glycoldinitrate  proceeds  in 
exactly  the  same  as  dry.  Water  does  not  affect  decanposition  of  this 
nitro  ester  both  in  the  beginnirig,  and  also  on  aubse<pient  stages  of  disintegra¬ 
tion*  In  this  respect  diethylene  glycoldinitrate  is  similar  with  nitrocellulose 

A7. 

The  third  distinctive  peculiarity,  apparently,  stijwlating  the  first  two, 
ccsisiots  of  the  fact  that  in  gaseous  products  of  decanposition  of  diethylene 
glycoldinitrate  nitrogen  peroxide  is  not  detected.  Visual  observation  showed  the 
absence  of  brown  color  of  the  gas  jiiase  for  the  duration  of  all  disintegration 
at  its  different  conditiais.  For  a  more  reliable  estimate  special  photoelectro- 
colorim  etric  experiments^  were  conducted,  confirming  the  results  of  these  ob¬ 
servations.  Diethylene  glycoldinitrate  decomposed  in  the  vessel,  equipped  with, 
besides  a  glass  manometer,  a  container  of  plane-parallel  glass.  Through/  the 
container  passed  a  beam  of  light,  falling  on  a  photocell,  which  fixed  the  change 
of  optical  djsnsiiy  of  gaseotis  products  of  disintegration.  At  disintegration  of 
diethylene  glycoldinitrate  a  change  of  optical  density  was  not  observed  for  the 
gas  phiase,  which  indicates  the  absence  in  it  of  NO^  in  sensitivity  frames  of  a 
method,  which  coisisted  in  preliminary  calibration  of  1  latt  Hg  of  nitrogen 
peroxide* 

In  notiiig  the  mariced  peculiarities,  it  is  possible  to  schematically  present 
decomposition  of  diethylene  glycoldinitrate  in  the  following  way. 

The  primary  act  of  decomposition,  as  is  proposed  for  nitro  esters,  is  the 
breakaway  of  NOg,  which  is  coordinated  with  the  proximity  of  initial  speeds  of 


1.  This  methodology  was  developed  by  V,  P.  Shelaputina,  to  whom  the  author  ex¬ 
presses  his  gratitude. 


gas  formation  and  kinetic  disintegration  constants  of  diethylene  glycoMinitrate 
and  other  nitro  esters.  The  forming  nitrogen  peroxide  is  very  ^aickly  reduced, 
apparently,  to  NO,  not  being  accumulated  in  any  significant  quantities,  in  dis¬ 
tinction  frcsn  that,  as  this  occurs  at  disintegration  of  other  nitro  esters. 
Reduction  occurs  not  only  at  interaction  of  nitrogen  peroxide  idth  other  products 
of  disintegration  of  diethylene  glycoHinitrate,  but,  apparently,  also  at  inter¬ 
action  of  it  with  the  nitro  esters  themselves^. 

The  leading  reaction,  determining  the  kinetic  disintegration  constants,  is 
the  reaction  of  breakaway  of  N02>  as  the  slower  one. 

Inasmuch  as  nitrogen  peroxide  is  not  accumulated,  then  nitric  and  nitrous 
acids  win  not  be  formed,  able  to  accelerate  hydrolytic  decomposition  of  nitro 
esters.  Interaction  of  nitro  esters  with  water,  the  presence  of  large  quantities 
of  which  in  products  of  disintegration  was  detected  by  M.  S.  Plyasunov,  in  a 
neutral  medium,  as  the  experiments  showed,  proceeds  with  very  low  speed.  There¬ 
fore  decomposition  of  diethylene  glycQldinitrate  is  not  accelerated  in  such  a 
degree,  as  nitroglycerine,  although  oxidizing  reactions  occur  with  comparatively 
great  speed. 

What  has  been  said  does  not  mean  that  decomposition  of  diethylene  glycoldi- 
nitrate  at  all  conditions  will  preserve  the  described  character.  The  experiments 
of  B.  A.  Lur'ye  on  the  study  of  disintegration  of  this  nitro  ester  in  the  presence 
of  a  number  of  impurities  show  that  in  determined  conditions  it  is  possible  to 
observe  significant  acceleration  of  deccmposition  of  diethylene  glycoldinitrate. 
The  results  of  these  experiments  are  considered  in  the  following  article. 

Weak  acceleration  of  gas  formation,  observed  in  the  ecqjeriment,  is  connected, 


2.  The  experiments,  conducted  by  B.  A.  Lur’ye,  show  that  nitx*ogen  peroxide,  added 
in  a  q^tity  of  about  to  diethylene  glycoldinitrate,  disappears  many  times 
faster,  than  decomposition  of  the  nitrate  itself  occurs. 


MS 


apparently,  with  the  passage  of  sequence  reactions,  including  both  the  primary 
breakaway  of  NO2  with  its  reduction,  and  also  deeper  disintegration  of  the  com- 
pounds  forming  with  this.  With  this  is  coordinated,  in  particular,  that  fact  the 
even  at  ccanpoiratiyely  large  6  (to  0.13),  vdiere  is  attained  by  corditions  of  the 
experiment  only  a  small  degree  of  disintegration,  the  composition  of  gaseous 
products  succeeds  to  endure  definite  change.  Thus  on  initial  stages  the  condi-  ! 
tional  portion  of  gases  condensed  at  room  temperature  is  50^,  at  the  time  as  a 
measure  of  developaent  of  decomposition  it  falls  noticeably  and  at  a  sufficiently 
great  degree  of  disintegration  is  lowered  to  20  -  30% • 

Conclusions 

1.  The  disintegration  of  diethylene  glycoldinitrate  in  liquid  phase  in  the 
presence  of  products  of  disintegr  ^tion  at  60  -  I50®  and  degree  of  filling  of 
ampoule  with  nitro  esters  0.001  -  0,9  was  st\idied, 

2.  Dependence  of  initial  spt.td  of  gas  formation  is  subordinated  by  Arrheniv 
equation,  where  E  =  /A  A2  kilocalories  mole  and  Ig  B  =  16.5  which  is  very  clos^ 
to  the  corresponding  constants  of  dercmiposition  of  other  rdtro  esters  in  liquid 
phase. 

3.  In  applied  conditior-’  of  the  experiment  disintegration  of  diethylene  | 

I 

glycoldinitrate  occurs  without  sharp  acceleration,  but  also  is  not  accelerated 
by  the  addition  of  water, 

4.  The  absence  in  products  of  decomposition  of  diethylene  glycoldinitrate 
of  noticeable  quantities  of  nitrogen  peroxide  can  be  explained  by  the  fact  that  , 
oxidizing  pruce-jses  at  disjjitegration  occur  significantly  faster,  than  primary 
separation  of  nitrogen  peroxide.  This  stipulates  those  peculiarities  of  dis¬ 
integration  of  nethylens  glycoldinitrate,  yihich  distinguish  it  from  disintegra¬ 
tion  of  nitroglycerine,  nitroglynol  and  TEN. 

5.  At  rolatir*-»ly  low  temperature  (60®  and  lower)  decomposition  of  diethyle: 
glycoldinitrate  occu.  9  ten  times  slc»rer  than  nitroglycerine,  which  in  combinatio 


with  amall  inclination  to  e^-accoleration  stipulates  its  comparatively  high 


stability. 
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20.  On  the.  Influence  of  Certain  lapurities  on  Thermal  Disintegration  of 
Diethyleneglycol  Dinltrate 

The  thermal  decomposition  diethyleneglycol  dinitrate  (DEGDN)  vdthout  removal 
of  the  disintegration  products  proceed?'  in  known  relationship  similar  to  the 
decomposition  of  many  other  polynitro  esters.  As  the  initial  speeds  of  gas  forma¬ 
tion  are  close,  so  also  is  their  dependence  on  temperature,  i.  e.  activation  energy. 
In  connection  vdth  the  fact  that  the  initial  stage  of  disintegration  of  a  nitro 
ester  is,  probably  the  rupture  of  the  0  -  NO2  bond,  this  similarity  is  not 
surprising. 

Development  of  disintegration  of  DEGDN  occurs,  however,  without  the  sharp 
acceleration  of  gas  formation  characteristic  for  the  decomposition  of  such  nitro 
esters  as  nitroglycerine  (NG),  nitroglycol  (NGL),  PETN,  and  certain  others  C^J, 
This  acceleration,  as  considered  in  determined  by  the  hydrolytic 

decomposition  of  the  nitro  ester,  self-accelerated  because  of  the  formation  of 
acids  as  a  result  of  the  interaction  of  water  with  the  highest  oxide  of  nitrogen 
accumulated  during  the  disintegration  of  these  nitro  esters  C^J >  • 

During  the  thermal  decomposition  of  DEGDN  no  browning  is  observed  of  the 
gasifcTm  phase,  which  would  attest  to  the  formation  of  significant  quantities  of 
NO2.  This  peculiarity  hypothetically  determines  the  reducing  nature  of  the  nitro 
ester  and  products  of  its  disintegration,  Tlierefore  we  studied  the  decomposition 
of  DEGDN  in  the  presence  of  different  oxidizers  (O2,  NO,  NO2,  HNO3),  and  also 
reducing  agents  (H2C20^5'. 

Another  aspect  of  the  investigation  consisted  in  the  clarification  of  those 
conditions,  with  vdiich  the  development  of  disintegration  of  DBGI»I  with  sharp 
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self-acceleration  is  possible. 

The  decomposition  of  DSGDM  in  the  presence  of  the  enumerated  impurities  was 
studied  by  the  manometric  method  described  earlier  The  degree  of  filling 

I  of  volume  of  reactionary  vessel  with  nitro  ester  ( *  )  at  120®  in  the  majority  of 
j  experiments  constituted  0.014-0.04  and  at  100  and  80^,.  0.10-0.13. 

f 

i  The  investigated  impurity  was  introduced  into  the  ampule  of  the  glass  manometer 

containing  the  nitro  ester,  preliminarily  freed  from  volatile  substances  by 

were/ 

evacuation.  Gasiform  of  highly  volatile  substances^*''^  introduced  into  the 
instrument  from  a  vessel  intended  for  their  quantitative  measurement,  with  cooling 
of  the  ampule  of  nitro  ester  by  liquid  nitrogen. 

The  oxygen  applied  was  technical,  dried  in  a  trap  with  liquid  nitrogen;  the 
oxide  of  nitrogen  was  prepared  in  a  Lunge  nitrometer,  and  the  dioxide  by  mixing 

a  known  quantity  of  the  oxide  nitrogen  vdth  a  surplus  of  oxygen  with  exhaust 

I 

j  of  the  latter  with  cooling  by  liquid  nitrogen  after  1-1.5  hr  of  interaction;  nitric 
I 

j  acid  was  introduced  in  the  form  of  98^  MO3  or  its  20,'?  solution  in  DEGDN,  after 
1  .  . 

which,  with  cooling  of  the  ampule  by  liquid  nitrogen,  the  air  was  evacuated  from 
it;  oxalic  acid  was  added  in  the  form  of  a  powder  and  also,  depending  upon 
whether  the  disintegration  of  the  nitro  ester  was  studied  in  the  presence  of 
dilute  or  concentrated  acid,  its  crystal  hydrate  or  anhydrous  crystals  were 
applied . 

Dilution  of  acids  by  water,  if  this  was  required  by  the  conditions  of  the 
experiment,  was  done  by  transfering  its  vapor  into  a  cooled  ampule. 

For  determination  in  the  course  of  the  experiment  of  the  content  of  nitrogen 
peroxide  in  the  gasiform  phase  we  applied  the  colorimetric  methodology  developed 

J 

I 

I  in  reference  to  disintegration  of  nitro  esters  in  the  liquid  phase  by  V.  P. 

i  Shelaputina,  whom  the  authors  thank  for  courteously  making  possible  the  setting  up 

i 

of  these  experiments,  and  also  for  help  during  their  completion. 

•  ■  • 

The  diagram  of  the  corresponding  instrument  is  shown  in  Fig.  1.  Vessel  1  with 


plane-parallel  optical  glasses  2  soldered  in  it,  is  cormected  with  glass  mancaaeter 
3  of  the  usual  type  applied  for  measurement  of  general  pressure.  Kanometer  has 
ampule.  4  for  the  investigated  nitro  ester. 

After  evacuation  of  air  and  introduction*  of  the  impurity  the  vessel  was 
placed,  in  thermostat  5,  and  its  ends  were  tightly  secured  in  seats  6.  Then  the 
thermostat  was  filled  by  liquid  preheated  to  a  determined  temperature,  after  which 
the  mixing  and  regulated  heating  were  switched,  on. 


i 

l 


Fig.  1.  Diagr^  Of  instrument  for  quantitative  determination  of  nitrogen 
peroadda  in  the  course  of  disintegration  of  nitro- ester.  1)  Vesselj  2) 
Plane-paraxiel  optical  glasses;  3)  Glass  manome^rj,  4)  Ampule  for  nitro 
eater;  5^'  Liquid  thermostat;  6)  Seats  for  vessel;  7)  Source  of  light;  8), 
Photoresistance;  9)  Control  light  guide;  Ip)  Mirror;  11)  Milliammeter; 

12)  Mici^painmeter. 

Presence  of  the  vessel  allowed  measurement  in  the  process  of  the  experiment  not 
only  of  pressure,  but  also  of  changes  in  the  optical  density  of  the  gaseous  phase, 
which  was  colored  a  more  or  less  intense  brown  color,  depending  upon  the  content 
of  nitrogen  dioxide.  For  this,  the  beam  from  light  source  7  passed  through  the 
vessel  and  ms  focussed  on  j^otoresistance  8.  The  intensity  of  light  the  lamp, 
working  from  batteries,  was  controlled  by  railliananeter  11.  The  optical  density 
of  the  gaseous  phase  was  determined  at  each  given  moment  by  the  current  intensity 

A 

in  the  j^otoresietance  circuit,  measured  by  micro?«ntaeter  12^  For  this  the  Teasel 


a 

■’I  ‘ '/ . 

was  prscalibrated  with  nitrogen  peroxide.  For  the  purpose  of  control  of  the 

I  operational  stability  of  the  whole  ayatem  parallel  with  removal  of  results  of 

f 

experiment  conducted  “contirol**  casaauressenta  with  help  of  control  light  guide  9. 

'  With  rotation  of  mirror  10  access  of  li^t  to  photoresiatance  8  throiagh  the 
,  vessel  is  stopped.  In  this  case  light  from  the  source  itself  falls  on  the  photo¬ 
resistance  through  control  light  guide  9*  by  passing  the  vessel.  For  the 
^fficulty  of  possible  sweating  of  optical  glasses  2  as  a  result  of  their  cooling 
,  hy  air  through  the  end  apertures  of  the  vessel,  the  ends  of  the  latter  were  heat*ed 
by  .  an  electrospiral  at  the  suggestion  of  V,  ,P.  Shelaputina. 

i 

•  '  The  accuracy  of  quantitative  measurement  of  nitrogen  peroxide  by  this  method 
^  can  be  judged  if  one  will  compare  the  pressure  of  NO2  introduced  before  the 
experiment  with  its  quantity  measured  colorimetrically.  The  difference  between 
them  did  not  exceed  10^, 

’  'i'f 

r  * 

'  Thermal  Disintegration  of  DSGDN  in  the  Presence  of  Oxygen 

Oxygen  can  change  ccaisiderably  the  picture  of  gas  fosaaiiion  during  the 
thermal  disintegration  of  DEGCW.  The  decomposition  of  this  nitro  ester  at  120° 

and  sufficiently  great  pressure  of  oxygen  becomes  a  two-stage  process;  this  follows 

I 

i 

j  from  the  character  of  the  curves  depicted  in  Fig,  2.  The  first  stage  is  character¬ 
ized  by  small  deceleration  of  gas  formation,  and  also  its  initial  value  is  higher 
!  than  during  the  disintegration  of  the  pure  niti*o  eater.  In  the  beginning  of  the 
second  stage  the  speed  of  gas  formation  abruptly  increases  and  at  large  contents 
of  oxygen  exceeds  by  tens  of  times  the  maximum  speed  of  gas  formation  during  the 
disintegration  of  p\ire  IBGIM. 

The  influence  of  oxygen  on  the  decomposition  of  DEGDN  is  still  more  sharply  . 

[  developed  at  lower  temperatures.  In  Fig,  3  are  shown  results  of  experiments  at  j 

I 

I  loo°. 


With  a  sufficiently  great  quantity  of  oxygen  (pq2  =  300  -  400  nm  Hg)  decomposition 
is  once  more  accompanied  by  a  fast  drop  in  prassurs,  exceeding  by  7  times  the 
2?ate  of  gas  formation  in  the  disintegration  of  pure  DE5KL 


Fig.  2,  Influence  of  oxygen  on  thermal  disintegration  of  DBGDN  at  120*. 

Numbers  by  the  curves  —  degree  of  filling  of  the  ampule  vdth  nitro  ester 
I  .10^5  Pq2  “•*"  Initial  pressure  of  oxygen,  ram  Hg,  at  experimental  tempera¬ 
ture;  1 — Volume  of  gasiform  products  of  disintegration  (v),  cra3/g;  2 — 

Time 't  adn,  (Volume  of  products  here  and  below  includes  volume  of  impurties) . 

Pressure  falls  by  20-30^  from  its  initial  value.  After  that  it  starts  to  grow, 

at  first  fast,  but  then  slower,  but  by  V-S  times  faster  than  for  the  pure  nitro 

ester.  Further  disintegration  of  the  nitro  ester  in  the  presence  of  oxygen  proceeds 

also  very  fast.  At  80®  the  influence  of  oxygen  is  in  general  the  same  as  that 

at  100®,  but  the  pressure  drop  proceeds  relatively  more  abruptly.  At  a  content 

of  oxygen  corresponding  to  an  initial  pressure  pQ2  ~  200  mm  Hg,  the  pressure  fell 

approximately  by  half  after  50  hr. 

Thus  at  a  definite  stage  oxygen  accelerates  the  decomposition  DEGDN,  and  the 

more  so,  the  lower  the  temperature.  The  greatest  acceleration  is  observed  either 

in  the  beginning  of  the  second  stage  (120®)  or  after  the  pressure  drop  (100-80®); 

later  there  occurs  a  significant  drop  in  the  speed  of  growth  of  pressure. 

» 


i 
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I  It  is  necessary  to  note  that  the  disintegration  of  DSGrDN  in  the  presence 

i  of  oxygen  is  accompanied  by  accumulation  of  nitrogen  peroxide  in  the  gaseous 

fiiase.  The  gaseous  pi^ase  for  a  certain  time,  after  the  beginning  of  the  experiment 
!  has  a  light-brown  color  whose  intensity  increases,  passes  through  a  maximum,  and 
then  decreases .  At  somevdiat  laters  stages  of  decomposition  the  gaseous  phase 
becomes  again  colorless. 


V  ’  X  MUM 


Fig.  3.  Influence  of  oxygen  on  theiml  disintegration  of  DEGM  at  100®. 

I  Numbers  by  curves  -  degree  of  filling  of  ampule  with  nitro  ester  (  S ) . 

I  pp2  -  initial  pressure  of  oxygen,  mm  Hg,  at  experimental^tenQ)eraturej 
1;  Volume  of  gasifoim  products  of  disintegration  (V) ,  ctr/g;  2)  Time 
ir,  min. 

A  quantitative  evaluation,  conducted  passed  by  colorimetric  methodology,  showed 

I  that  at  an  initial  oxygen  pressure  of  200  mm  Hg  (120®  and  =  0.03),  the  maximum  . 

1 

I  content  of  NC^  in  the  gases  (7  vol.^)  is  attained  with  a  growth  in  presstire  by  1.5 

i  times.  In  connection  with  this  it  was  possible  to  assume  that  the  influence  of 

i 

i 

i  oxygen  on  the  acceleration  of  decomposition  of  the  nitro  dster  is  caused  by  the 

i 

j  formation  of  nitrogen  peroxide  during  the  interaction  of  ^  with  the  oxide  of 

! 

nitrogen.  However,  it  is  possible  that  the  formation  of  HO2  is  not  the  only 
1  cause  of  acceleration  of  DEGDN  dec<xnpo8ition. 

i  .  . 


90/ 


Experiments  on  the  heating  of  initial  alchol  —  diethyleneglycol  —  in  the 
presence  of  osxygen  showed  that  with  this  there  occurs  absorption  of  oxygen  with 
a  significant  speed  (Fig.  4),  and  besides  there  will  be  formed  products  possessing 
properties  of  peroxides  and  acids.  It  is  possible  that  analogous  compounds  will 
be  formed  during  the  interaction  of  oxygen  and  DBGDN  and  will  show  a  corresponding 
influence  on  the  doccaaposition  of  the  latter. 

Oxygen  affects  decomposition  of  not  only  DECrDN.  According  to  the  data  of 
Samsonov  it  accelerates  the  disintegration  of  nitrocellulose,  -vdiich  in  the 

presence  of  large  quantities  of  oxygen  is  decomposed  just  as  nitroglycerine.  De- 
conqposition  of  the  latter  can  proceed  faster  in  the  presence  of  oxygen,  especially 
at  the  stage  of  sharp  acceleration  of  this  process.  Thus,  for  example,  at  100® 

i  * 

and'  I  0.003,  sharp  acceleration  of  decomposition  is  attained  faster  (approximately 
by  2  t^es)  at  an  intital  pressure  of  oxygon  po2  *  200  -  600  am  Hg. 


Fig.  4.  Interaction  of  f  hyleneglycol  with  oxygen  at  ICO®. 

a  -  dependence  of  speed  of  change  of  pressure  on  the  magnitude  of  the  latteri 
b  «.  chjynge  of  pressure  in  time.  1)  Pressure,  p,  m.  Hgj  2)  Tima<,  min. 

At  .Jncreased  temperature  cacygen  is  able  even  qualitatively  to  change  the  picture 

of  disintegration  NG, 


Fig,  5.  Influence  of  oxygen  on  thermal  disintegration  of  NG  at  140°  and 
degree  of  filling  of  ampule  with  nitro  ester  (  0.0023. 

Pq2  “  initial  pressure  of  oxygen  in  ram  Hg  at  temperature  of  experiment.  1) 

Speed  of  grovrth  in  presstirej  2)  Time  'T',  min, 

(  This  at  140°  and  i  =0.0023,  NG  is  decomposed  with  an  insignificant  -  and 
practically  constant  speed,  to  the  time  when  in  presence  of  oxygen  through  a 
certain  time,  sharp  acceleration  of  decomposition  of  this  nitro  ester  sets  in. 

(see  Fig.  5). 

Thennal  Disintegration  of  DEGDN  in  the  Presence  of  Nitrogen  Peroxide 

In  Fig,  6  are  shown  curves  of  change  of  pressure  in  time  for  experiments 
at  120°.  Tiiese  experiments  show  that  gas  formation  during  the  thennal  decomposition 
of  DEGDN  proceeds  the  faster  the  more  nitrogen  peroxide  is  introduced.  At 
initial  pj^02  ~  Sas  formation  occurs  practically  wit^  the  same  speed  as 

in  the  case  of  pure  nitro  ester.  Increase  of  initial  to  220-250  nan  Hg  or, 
in  other  words,  an  increase  of  the  content  of  nitrogen  peroxide,  leads  to  growth 

i 

I  of  the  speed  of  gas  foimtion  by  1,5  -  2  times,  and  at  pj^Q2  «»  410  mm  Hg  —  by  3 

I  times,  in  comparison  with  experiments  without  addition  of  N(^ . 


•%  ntun 


Fig,  6.  Influence  of  nitrogen  peroxide  on  thermal  disintegration  DEGDN  at 

120°. 

Numbers  by  curves  -  degree  filling  of  ampule  with  nitro  ester,  S  .  pj^oa  “ 
initial  pressure  of  nitrogen  peroxide  in  mm  Hg  at  experimental  temperature; 

1)  Rressure,  mm  of  Hgj  2)  Time  <' ,  min. 

At  100°  (Fig.  7)  the  influence  of  nitrogen  peroxide  on  the  decomposition 
of  DBGDN  is  in  general  siMlar  with  that  which  is  observed  at  120°,  The 
difference  consists  only  in  the  fact  that  in  the  beginning  of  an  asqperiment  with  a 
large  content  of  NO2  there  appears  small  section  of  pressure  drop  (in  Fig.  7  it  is 
not  covered;  see  Fig.  9»  where  this  section  is  shown);  further  growth  in  pressure 
occur#  for  the  duration  of  a  certain  time  almost  linearly,  and  besides  the  speed 
-  of  gas  foraation  at  large  contents  of  NOg  is  higher  than  the  speed  of  decomposition 
of  pure  DEGrEN  by  3  -  10  times,  A  relatively  small  quantity  of  nitrogen  peroxide 
(initial  pj|Q2  ~  60  mm  Hg)  significantly  (by  3  times)  lowers-  the  speed  of  gas 
formation  in  the  first  stages  of  decomposition  of  the  nitro  ester  in  comparison 
vijthf  experiments  at  large  initial  Pno2»  further  decomposition  proceeds  with 
the  same  speed  as  for  the  pure  product. 

Nitrogen  peroxide  accelerates  disintegration  DEGEN  especially  strongly  in 

«» 


the  initial  stage  at  80®  (Fig,  8),  At  P^q2  “  spe^  of.  gas  foj^tion, 

calculated  as  the  average  for  the  duration  of  the  first  five  hours  of  the 
experiment,  exceeds  the  speed  in  experimaits  vdth  pure  DHJDN  by  20  times,  and 
%02  ~  times.  Curves  of  pressure  vs.  time  in  a  certain  stage 

of  disintegration  have  a  saturable  character. 
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Fig.  7.  Influence  of  nitrogen  peroxide  on  thermal  disintegration  of  DBODN 
at  100®. 

Numbers  by  curves  »  degree  of  filling  of  ampule  with  nitro  ester,  i  , 

'Pj^jQ2  -  initial  pressure  of  nitrogen  peroxide  in  mm  Hg  at  experimental 
temperature.  1)  Pressure  p,  mm  Hgj  2)  Time 't',  min. 

Visual  observation  of  the  color  of  the  .gaseous  phat.®  shows  that  during  the 

deccaaposition  of  DBGDN  in  the  presence  of  nitrogen  peroxide,  the  content  of  the 

« 

latter  does  not  remain  constant,  but  noticeably  decreases,  and  besides,  if  the 

experiment  is  conducted  for  a  sufficiently  long  time,  then  it  is  possible  to 

» 

reach  full  bleaching  of  the  gaseous  phase. 

Considering  that  NO2,  bein^  supposedly  the  primary  product'*of  disintegration 
of  nitro  esters,  is  absent  in  g-seous  products  of  the  decomposition  of  DB5KI,  it 
appeared  interesting  to  trace  qualitativel5'  the  speed  of  disappearance  of  nitrogen 


peroxide  in  experiments  with  addition  of  it. 

In  Fig,  9  ai*e  shown  ciirves  of  change  of  pressure  of  nitrogen  dioxide  in  time 
in  cocmarison  with  cxirves  characterizing  general  pressure.  V/ith  ex^nination  of 
these  curves  it  is  clear  that  pressure  of  nitrogen  dioxide  during  practically 
the  period  of  the  whole  experiment  decreases  with  a  speedy  which  is  greatest  in 

< 

the  beginning  and  is  nonotonically  variable  by  a  complicated  law,  which  on 

separate  sections  can  be  approximated  by  the  equation  ^  a;®* 

4%. 

where  n  is  larger  than  unity  but  less  than  two. 

The  decrease  in  the  pressure  NO^  for  the  duration  of  certain  time  occurs 
considerably  faster  than  the  increase  in  general  pressure. 


Fig.  8.  Influence  of  nitrogen  peroxide  on  thermal  disintegration  of  DEGIB 
at  80®. 

Numbers  by  curves  ~  degree  of  filling  of  ampule  with  nlbro  ester,  *  , 

•  initial  pressure  of  nitrogen  peroxide  in  mm  Hg  at  experimental 
tem^rature.  1)  Pressure,  p,  mm  Hg;  2)  Tlme'C',  hr. 

On  the  initial  section  at  140®  the  speed  of  the  decrease  in  pressure  of  NOg  or, 

in  other  words,  its disappearance,  exceeds  the  speed  of  increase  in  general  pressure 

by  more  than  2  times,  and  at  120®  —  by  5  times.  At  100®,  and  especially 

at  60®,  the  speed  of  disappearance  of  NO2  already  so  much  exceeds  the  speed  of 

general  gas  formation  that  on, the  pressure  -  time  cuive  a  depression  is  obsei'ved 


l*hose  depth  and  duration  at  80*  are  larger  than  at  100°.  If  with  this  we  ccsmpare 


OQCviona  after  the  pressure  drop,  then  the  speed  of  decrease  of  NP2  content 

u 

exceeds  that  of  general  gas  formation  by  2-5  times, 


Fig.  9.  Change  in  NO2  b]:?rttent  during  decomposition  of  DBGDK  in  its 
presence.  ^  , 

0  -  general  pressure;  0  -  NOg  pressure.  1)  Pressure  p,  mm  Hgj  2)  Time 
t*,  min. 

Thus,  the  decomposition  of  DEXJOT  in  the  presence  of  nitrogen  peroxide  is 
characterised  by  the  disappearance  of  the  latter  from  the  gaseous  li^ase  with  a 
speed  exceeding  speed  of  general  gas  formation. 


Thermal  Disintegration  of  DBODN  in  Presence  of  Acids 

A  basic  peculiarity  of  the  decomposition  of  acidified  DBGES^  is  a  sharp  growth 
of  gas  formation  after  a  simll  induction  period.  After  passage  of  a  maximum 
there  occurs  a  fast  lowering  of  the  speed  of  gas  formation  (Figs,  10,  11,  12,  ani 
13),  With  this  the  gaseous  phase,  eolorless  in  the  beginning,  is  colored  the 
brown  color  of  nitrogen  peroxide,  vanishing  then  by  the  measure  of  the  decelerat 
of  gas  formation .  ^ 
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Fig.  10.  Thermal  disintegration  of  DB3M  in  the  presence  of  concentrated 
nitric  acid  at  120®. 

Numbers  by  curves  -  degree  of  filling  of  ampule  with  nitro  ester,  t  ,  and 
contents  of  acid  in  nitro  ester  in  %  weight.  1)  Pressure  p,  mm,  Hg;,2) 
Time  if  ,  min. 


Fig.  11.  Thensal  disintegration  of  DBGfDN  in  the  presence  of  concentrated 
nitric  acid  at  SO''  and  degree  of  filling  of  ampule  with  nitro  ester,  i  , 
of  0.11.  (Conteuiis  of  acid  in  nitro  eater  1.4^  weight).  1)  Pressure  mm 
Hgj  2)  Time  iT,  -oin. 
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The  fraction  of  NO2  in  gaseous  products  of  decomposition  is  great  and  attains 

t  * 

with  an  addition  of  1^Z%  oxalic  acid.  Hie  largest  content  of  nitrogen  peroxide 
is  observed  near  the  maxiarum  of  speed  of  gas  formation.  -  '  jij 

In  Fig.  10  are  shown  curves  of  change  of  general  pressure  in  time*  during  th^i  '■ 

•  j,,  -  ^  *w  * 

decomposition  of  DBGDN  .in  presence  of  nitric  acid  at  120®.  The  acid  shows  its 

•  own  influence  on  the  acceleration  of  decomposition  of  nitro  ester  from  the. 

very  beginning  of  the  experiment increasing  the  initial,  speed  of  gas  f ormation ,  ^7,* -(C  t  / 

AS  compared  with  pure  DBOIW  by  50  to  100  times,  depending  upon  the  acid  content^^‘'i  \ 

.  '  y/ .  i  ^ 

,  Up  to  the  achievement'  of  maximum  this  speed  is  increased  still  by  3  times,  afjj»  .5^;^ 

■*  .n  nr »  >, . 
R*  V'-  **.  A I 

‘.which  it  falls  abruptly.  ’'7:'-ys^  f 

’  ■  **/ '  !?V . 

With  lowering  of  the  temperature  of  the  experiment  the  relative  magnitudejpf  • 
the  maximum  of  speed  is  increased}  at  the  same  time  the  influence  of  the  acid.^  .j. 
on  the  initial  speed  of  gas  formation  changes  but  little.  Thus  at  100®  ( 
content  of  HNO^  =  1  to ‘1.5^)  the  speed  in  the  beginning  of  the  experiment  is  / ' 

^  kO  times  higher  than  for  the  pure  nitro  ester;  at  the  maximum  it  increases  stiXi 

I 

(by  15  to  30  times.  At  80®  (Fig.  11)  speed  after  the  achievement  of  the  maxirauia 


I  is  already  60  times  higher  than  the  initial.  V/ith  this  decomposition  proceeds 

expressed/  ^ 


*with  a  clearly/induction  period. 


Dilution  of  the  nitric  acid  added  to  the  nitro  ester  by  water  leads  to  the  ' 
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jfact  that  in  the  initial  stage  of  decomposition  after  the  achievement  of  the  -  /'  j* 


(equilibrium  state  corresponding  to  the  quantity  of  added  HNO^  the  general  pressi|i^* 
f(Fig.  12)  not  only  does  not  grow,  but  noticeably  decreases,  attains  a  miniimim  . 


land ‘Only  then  begins  to  Increase  with  significant  acceleration.  The  magnitude 
of  the  maximum  of  the  gas  fomation  rate  increases  with'  dilution  of  acid  by  y  >  ' 


Fig.  12.  Thermal  disintegration  of  DBODK  in  the  presence  of  nitric  acid  at 
different  concentrations  at  120®. 

Numbers  by  curves  —  degree  filling  of  ampule  vdth  nitro  ester,  ( t )  and 
concentration  of  nitric  acid  in  weight  %.  (Content  of  acid  in  nitro  ester 
3/S  by  weight)  j  1)  Pressure  mm  Hgj  2)  Tima.  X  ,  min. 

In  order  to  exclude  the  oxidizing  action  of  nitric  acid  on  the  nitro  ester 
or  on  the  produc  s  of  its  disintegration,  we  applied  oxalic  acid,  which  possesses 
reducing  properties.  However,  this  did  not  change  the  general  picture  of  the  de¬ 
composition  of  acid  DSCM,  In  Fig.  13  are  shown  pressure-time  curves  for 
experiments  in  presence  of  oxalic  acid  at  different  concentrations.  These 
experiments  showed  that  anhydrous  acid  possesses  the  greatest  ability  to 
accelerate  gas  formation.  It  increases  the  initial  speed  by  more  than  one 
hundred  times.  At  the  maximum,  approaching  very  fast,  speed  increases  by  still 
two  more  times^. 


^  The  presence  of  maximum  of  speed  is  possibly  connected  with  the  fact  that  oxalic 
acid  to  the  beginning  of  the  experiment  is  not  completely  dissolved  in  the 
nitro  ester.  Its  dissolution  sots  in  only  later,  certain  small  time  after  the 
submersion  .of  the  instrument  in  the  thermostat. 


9 


Application  of  a  solution  of  oxalic  acid;  containing  about  20%  water  leads  to 
a  decrease  of  the  initial  and  also  of  the  maximum  speed  of  gas  foimtion  by  1.5 
to  2  times  as  compared  with  experiments  with  anhydrous  additions.  With  the 
use  in  experiments  of'  oxalic  acid  there  is  observed  in  the  inicial  stage  a 
section  of  decrease  in  pressure,  similar  to  that  in  experiments  with  dilute 
nitric  acid.  However,  in  distinction  from  these  experiments,  in  the  case  of 
dilute  oxalic  acid  gas  formation  after  passage  of  the  pressure  minimum  proceeds 
significantly  slower  than  with  less  dilute  or  dry  acid. 


llm 
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Fig.  13.  Thermal  disintegration  of  DESDN  in  the  presence  of  oxalic  acid  at 
different  concentrations  at  120®. 

I  Numbers  by  curves  —  degree  of  filling  of  ampule  with  nitro  ester,  (  I ) 
and  concentration  of  oxalic  acid  in  %  weight.  (Content  of  acid  in  nitro 
I  ester  J%  by  weight);  l) Pressure  p,  mm  Hg;  2)  Timet',  min. 

I 

I  Thus  the  decomposition  of  DEGDN  in  the  presence  of  the  investigated  acids 

I 

proceeds  significantly  faster  and  with  greater  acceleration  than  in  their 

I  f 

I  absence.  The  main  distinction  between  the  action  of  nitric  and  oxalic  acids  is. 

{the  quantitatively  different  influence  of  water  on  the  decomposition  of  the 
I acid  nitro  ester.  In  the  case  of  nitric  acid,  dilution  by  water  leads  to  a 

t 

sharper  acceleration  of  the  (|Bcompo8ition  of  DHIIK  than  with  the  concentrated 


acidj  dilute  oxalic  acid  accelerates  this  process  more  weakly  than  does  the 
concentrated  acid. 

It  is  necesawy  to  note  that  nitric  acid  accelerates  the  disintegration  of 
DBGM  significant  more  strongly  that  it  does  the  decomposition  of  NG, 

Thermal  Disintegration  of  DBGDK  in  the  Presence  of  Nitric  Oxide 

As  was  shown  by  experiments,  nitric  oxide  can  considerably  change  the  character 
of  gas  formation  especially  in  the  beginning  of  deccaaposition  of  the  nitro  ester. 

Thus  at  100®  (Fig.  14)  the  addition  of  nitric  oxide  in  a  quantity  corresponding 
to  an  initial  pressiire  pjjQ  of  108  mm  Hg  at  the  experimental  temperature  leads  to  a 
decrease  in  the  general  presstire  p  for  a  period  of  approximately  10  hrj  the  magnitude 
of  this  lowering  constitutes  20^  of  the  initial  pressure.  Then  the  general  pressure 
starts  to  increase  with  approximately  the  same  speed  as  in  experiments  with  pure 
DBGIIN.  An  increase  in  the  quantity  of  nitric  oxide  increases  the  absolute  value 
of  the  lowerihgof  general  pressure  without  changing  its  relative  value.  The  speed 
of  gas  formation  after  passage  of  the  pressure  minimum  grows  somewhat  faster  at 
large  contents  of  nitric  oxide.  An  analogous  general  picture  is  observed  at  120 
and  80®,  At  120®  the  lowering  of. pressure  occurs  only  with  contents  of  nitric 
oxide  corresponding  to  an  initial  pressure  of  575  nim  Hg  and  more  at  the  experimental 
temperature.  In  these  conditions  the  lowering  of  pressure  is  small  and  constitutes 
only  3^  of  initial  pressure.  With  a  smaller  quantity  of  NO  pressure  does  not  fallj 
its  growth  in  the  beginning  of  decomposition  occurs  more  slowly  than  in  experiments 
with  the  pure  nitro  ester. 

At  80®  lowering  of  pressure  is  observed  over  a  period  of  100  hrj  it  occurs 
more  abruptly  and  in  magnitude  constitutes  about  30^  of  the  initial  pressure  of 


nitric  oxide. 


Fie.  14.  Influence  of  nitric  oxide  on.  thennal  disintegration  of  DEGDN  at 

ioo«. 

Numbers  by  curves  • —  degree  of  filling  of  ampule  >»ith  nitro  eater  (  ^  ) >  and 
-  initial  pressure  of  nitric  oxide  in  mm  Hg  at  experimental  temperature} 

l)  Time  ,  min.  (Axis  of  ordinates  —  p  in  ajn  Hf 
Discussion  of  Results 

The  results  obtained  in  the  experiments  show  that  substances  applied  as 
impurities  to  DEGDN  change  in  this  or  that  degree  the  picture  of  gas  formation 
during  decomposition  of  this  nitro  ester,  not  only  quantitatively  but  also 
qualitatively. 

The  disintegration  of  DEGDN  in  the  presence  of  oxygen,  the  dioxide  and  oxide 
of  nitrogen,  and  also  strongly  diluted  acids  in  cert&xn  conditions  is  chai’acterized 
first  of  all  by  the  interaction  of  the  gaseous  phase  with'  the  liquid,  .leading 
to  a  drop  in  pressure  as  a  result  of  binding  of  gaseous  products.  If  the  decrease 
in  pressure  with  subsequent  sharp  acceleration  during  decomposition  of  DHjDK  in 
the  presence  of  dilute  acids  can  be  explained  by  the  course  of  a  hydrolytic  reaction 
with  formation  of  nitric  acid  highly  soluble  in  the  nitro  ester,  as  is  assumed 


for  th«  analogous  case  in  NG  C^J t  C^J *  interaction  of  oxygen,  NO2 

and  even  of  NO  with  the  nitro  ester  proceeding  with  a  decrease  in  volume,  was  not 
obsfirved  earlier  and  is,  apparently,  a  result  of  other  processes. 

Let  us  consider  possible  modes  of  flow  of  the  reaction  of  DBGM  vdth  the 
indicated  substances. 

Cofflpsring  the  results  of  experiments  on  the  disintegration  of  DEGDN  in  the 
presence  of  oxygen  with  those  of  experiments  on  the  interaction  of  the  latter  with 
diethyleneglycol,  and  also,  ccmsidering  the  ability  of  the  simple  ester  to  form 
low^volatile  peroxide  compoiands,  it  is  possible  to  assume  that  analogous  reactions 
otccw  also  in  the  case  of  DBGDN.  The  products  formed  apparently  have  limited 
stability  during  heating,  inasmuch  as  the  magnitude  of  lowering  of  pressure, 
characterizing  the  formation  of  the  indicated  compounds  strongly  depends  on 
tonparature .  With  this  is  coordinated  also  the  fact  that  during  the  analysis  of 
prodsicts  of  interaction  of  diethyleneglycol  with  oxygen  in  a  quantity  of  the  latter 
sufficient  to  displace  the  iodine  from  iodide  potassium,  constitutes  less  than 
105^  of  the  gas  entering  in  the  reactionj  the  remainder  is,  apparently,  in  the  form 
of  products  of  disintegration  of  peroxides  and,  in  particular,  in  the  form  of  acid. 

The  high  rate  of  gas  formation  during  further  decomposition  DJ5GM,  observed 
after  passage  of  the  pressure  minimum,  is  probably  caused  by  the  whole  of  the 
processes,  including  disintegration  of  the  formed  products,  and  also  their 
participation  —  in  p^icular,  that  of  acids  —  in  the  decomposition  of  the 
actual  nitro  ester.  Besides  this,  oxygen  can  promote  the  decomposition  of  DB6M 
by  oxidizing  nitric  oxide  to  the  peroxide,  which,  reacting  with  water  to  form 
the  acid,  can  accelerate  the  development  of  hydrolysis  of  the  main  product. 

The  decrease  in  pressure  in  the  initial  period  of  heating  of  DBGDN  in  the 
preseuice  of  NO2  may  be  the  result  of  an  increase  in  the  solubilitj'-  of  the  latter  in 
the  decomposed  nitro  ester  or  the  fozmation  of  a  comparatively  low-volatile 

ccaapound,  analogous  to  that  which  ia  obtained  during  the  interaction  of  NO2  with  a 


I  diethyl  ester  l^st  asslimption  is  indirectly  supported  by  the  high  speed 

I  of  interaction  of  diethyleneglycol  with  nitrogen  peroxide  with  the;  foimtiori  of 
low-volatile  products. 

Inasmuch  as  nitric  oxide  is  considerably  less  soluble  in  DBJDN  than  NO2,  the 
decrease  in  pressure  during  the  disintegration  of  this  nitro  ester  in  the  presence 
NO  apparently  occurs  as  a  result  of  the  formation  of  condensed  compounds.  However, 

I  nitric  oxide,  in  distinction  from  oxygen  andN02>  <ioes  not  interact  v^th  diethylene' 
glycol.  Therefore  it  is  possible  to  assume  that  NO2  detached  during  the  dis¬ 
integration  of  molecules  of  the  nitro  ester  is  replaced  by  nitric  oxide,  fpraiing 
the  nitrite,  as  is  assumed  for  ethyl  nitrate  /~7_7,  and  NO2  is  bound  in  a  loW'r 
!  volatile  compound. 

Absence  of  cases  of  decrease  in  pressure  in  the  initial  period  of  the  de¬ 
composition  of  DEGDM  with  addition  of  nitrogen  peroxide  and  high  teniperatu^  wd 

t 

i  also  the  significant  increase  in  this  case  in  the  rate  of  gas  formation  in 

I 

j  comparison  with  that  in  the  disintegration  of  the  pure  nitro  ester  show  that  side 
I  above/ 

*  by  side  vdth  the  processes  assumed/ there  proceed  reactions  leading  to  the  fgrraa- 

i 

^  tion  of  products  poorly  condensed  at  the  experimental  temperature.  All  this,  and 
also  the  relatively  fast  disappearance  of  nitrogen  peroxide  allows  to  assiane  that 
NO2  can  react  directly  with  DBGDN.  Therefore  during  the  decomposition  of  the  pure 
nitro  ester  the  primary  product  of  the  reaction  —  nitrogen  peroxide  is  not 
accumulated j  it  is  formed  and  immediately  enters  into  further  reactions,  in  con¬ 
trast  to  the  case  of  NG,  whose  disintegration  is  characterized  by  accumulation 

I 

!  of  significant  quantities  of  MO2. 

Nitric  acid,  apparently,  is  also  capable  of  the  direct  oxidation  of  DEGM, 
since  gas  formation  during  disintegration  of  the  latter  in  the  presence  of  this 
acid  proceeds  very  fast.  The  acceleration  which  is  observed  in  this  case  is 
probably  caused  by  the  sum  total  of  several  reactions,  which  include  hydrolysis. 


»cc«l«r4t«d  by  the  measure  of  dilution  of  the  acid  by  water  formed  as  a  result  of 
the  oxidation  of  the  nitro  ester. 

Curves  of  gas  formation  during  the  disintegration  of  DEJEN  in  the  presence 
of  nitric  and  oxalic  acids  are  qualitatively  similar j  however,  the  causes  of  the 
observed  acceleration  of  this  disintegration  are  different,  inasmuch  as  oxalic 
acid  does  not  possess  oxidizing  ability.  The  accelerating  action  of  oxalic  acid 
on  the  decomposition  of  DBG-DN  can  be  considered  in  the  light  of  data  on  the 
disintegration  of  other  nitro  eaters  in  the  presence  of  acids. 

According  to  the  data  of  B.  S,  Samsonov,  anhydrous  sulfuric  acid  strongly 
accelerates  the  disintegration  of  nitrocellulose  from  the  very  beginning  of  the 
experiment.  According  to  the  data  of  V,  V.  Gorbunov  the  same  occurs  with  NG. 

This  can  be  explained  by  the  direct  interaction  of  the  acid  ester  with  detach¬ 
ment  from  the  latter  of  nitric  acid  by  an  ester  exchange  reaction.  At  the  same 
time,  G.  N.  Bespalov  showed  that  dry  oxalic  acid  also  very  strongly  by  (tons  of 
times)  accelerates  the  initial  stage  of  decomposition  of  NG.  It  is  possible 
that  the  influence  of  anhydrous  oxalic  acid  on  the  disintegration  of  nitro  esters 
is  analogous  in  nature  to  the  action  on  them  of  ^2^%’  during  the  decomposition 
of  DSGDN  in  presence  of  oxalic  acid  there  occurs  ester  exchange  the  nitric  acid 
formed  departs  from  sphere  of  reaction,  due  to  its  volatility  and  as  a  result 
of  oxidation  of  DEGDN,  oxalic  acid,  and  products  of  reaction.  For  this  reason 
there  occurs  fast  gas  liberation. 

Dilution  of  nitric  acid  by  water  leads  in  the  beginning  of  the  experiment 
to  a  decrease  in  pressure  after  which  an  increase  sets  in  which  is  sharper  than  in 
the  case  of  anhydrous  acid  as  a  result  of  accelerated  gas  formation.  The  dilution 
of  oxalic  acid  by  water,  on  the  other  hand,  entails  delay  of  disintegration  of  the 
nitro  eater.  Such  a  distinction  can  be  explained  by  the  fact  that  water,  strongly 
suppressing  the  reaction  of  direct  interaction  of  the  nitro  ester  with  oxalic 
acid,  relatively  slowly  hydrolyzes  DEGI^  in  the  presence  of  this  acid. 
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Ail  the  investigated  substances,  with  the  exception  of  nitric  oxide,,  can  in 

certain  conditions  strongly  (by  tens  and  even  hundreds  of  tiawis)  accelerate  gas 

formation  during  the  disintegration  of  DBSEN,  However,  in  distinction  from  the 

disintegration  of  NG,  this  acceleration  is  limited  by  a  certain,  not  very  large 

maxiniuia  of  speed,  approached  at  comparatively  early  stages  of  decomposition  and 

nitro/ 

determined  therefore  not  by  the  expended/ester,  but  by  some  other  causes.  The 
presence  of  maxiniujn  can  be  compared  with  the  change  in  color  of  the  gaseous  phase, 
indicating  the  presence  in  it  of  NO^  in  the  case  of  high  rates  of  decomposition. 

The  content  of  NO2  in  the  gaseous  phase  passes  also  through  a  maximum,  which  is 
located  in  time  near  the  maximum  of  the  gas  formation  rate.  Then  the  content  of 
NO2  in  the  gaseous  phase  decreases  by  the  measure  of  this  drop  in  rate.  All  this 
allows  to  assume  that  the  subsequent  retarding  action  of  substances  added  to  the 
nitro  ester  occurs  due  to  the  disappearance  of  these  substances.  Their  disappeasN- 
ance  is  caused  by  their  interaction  with  Dj0GEN  and  the  products  of  its  dialategra- 
tion.  Decomposition  of  the  BBGiW  itself,  although  it  generates  accelerating  sub¬ 
stances,  does  so  with  a  rate  less  than  that  of  their  interacti<m  with  the  nitro 
ester.  Thus,  although  the  thermal  decomposition  of  DBGWI  in  the  presence  of 
different  substances  can  be  strongly  accelerated  in  a  definite  stage,  but  in 
the  final  analysis  there  sets  in  a  braking  of  disintegration,  caused  by  the 
capability  of  self-retardation,  which  is,  developed  in  particular  in  the  case  of 
pure  nitro  ester  in  the  absence  of  a  stage  of  sharp  acceleration  of  decomposition. 

This  property  considerably  distinguishes  DEGEN  frcan  I^G,  NGL  and  certain  other  nitro 

» 

esters  \diose  characteristic  peculiarity  of  disintegration  is  self-accelerated 
decomposition,  developed  as  a  result  of  the  action  of  products  of  deccaaposition. 

Conclusion 

1,  V/e  studied  the  thermal  disintegration  of  diethyleneglycol  dinitrate  in  the 
presence  of  oxygen,  NOg,  HO,  and  nitric  and  oxalic  acids  at  80-120®, 


Z.  It  was  found  that  liquid  DESGEN  is  able  at  increased  temperatures,  to 
interact  with  oxygen,  NOg,  and  NO  of  the  reaction  proceeds  with  a  decrease  in  the 
volume  of  these  gases. 

Binding  of  oxygen  and  nitrogen  peroxide  was  established  also  for  D0GDN  itself. 

3 .  It  was  shown  that  concentrated  nitric  and  oxalic  acid  accelerate  the 

decomposition  of  by  tens  and  even  hundreds  of. times.  Dilution  of  nitric 

acid  strengthens  the  acceleration  of  gas  generation,  while  in  case  of  oxalic 
acid  dilution  retards  decomposition. 

4.  The  sharp  acceleration  observed  during  the  disintegration  of  DEGBN  in  the 
presence  of  certain  substances  is  accompanied  by  accumulation  of  NO2,  and  is  changed 
after  passage  of  the  disintegration  rate  through  a  maximum  by  retardation  of  gas 
formation  and  gradual  disappearance  of  nitrogen  peroxide. 

5.  The  data  obtained  are  considered  in  the  light  of  the  assumption  of  the 
capacity  of  DBGDN  for  self-retardation  of  decomposition. 

6.  An  assumption  was  made  about  the  direct  interaction  of  diethylenglycol 
dinitrate  with  oxalic  acid. 

In  conclusion  authors  consider  it  their  pleasant  duty  to  express  deep  gratitude 
to  K.  K.  Andreyev  for  his  valu8.ble  remarks  made  during  his  examination  of  the 
manuscript  of  the  article. 
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21.  Themal  Decompoeition  of  Dinitrate  of  Ethylene  Glycol  and  Trinitrlta  I 
of  Glycerine"  ' 

Explanation  of  the  laechanism  of  thermal  decoo^ositon  of  nitro  esters  is  ' 
essentially  hao^red  by  the  coKiplexlty  of  this  process,  stipulated,  in  particular, 
by  the  fact  that  one  of  the  primary  products  of  disintegration  -  nitrogen  dioxide  - 
is  an  energy  oxidizer,  easily  interacting  with  other  products  of  decomposition, 
and  often  with  the  nitro  esters  themselyes.  The  role  of  processes  of  oxidation 
can  be  significantly  decreased,  if  during  the  study  of  high-temperature 
transformations  m  cross  from  esters  of  nitric  to  esters  of  nitrous  acid,  the 
mechanism  of  disintegration  of  which,  in  view  of  the  likeness  of  chemical 
structure  of  these  ccaapounds,is  similar  with  the  mechanism  of  disintegration  of 
nitro  esters,  but  as  a  rule,  includes  detachment  not  of  dioxide,  but  xide  of 
nitrogen  -  an  oxidizer  inccanparable  more  weaker.  Therefore  for  the  duration  here 
already  for  more  than  two  decades  the  investigation  of  the  mechanism  of  thermal 
disintegration  of  nitro  eaters  is  inseparably  connected  vdth  the  study  of 
disintegration  of  organic  nitrites.  However  until  very  recently  investigations 
of  thermal  disintegration  of  esters  of  nitrous  acid  were  liiaited  basically  to 
mononitritas  of  monatomic  alcohols j  polynitrites  -  the  most 
interesting  ccanpounds,  in  view  of  their  large  kinship  with  widely  applied 
polynitrates  -  wre  almost  not  investigated.  This  work  represents  one  of  the 
first  attempts  of  a  study  of  thermal  deccaaposition  of  polynitrites  of  polyatomic 
alcohols . 

Thermal  Disintegration  of  Esters  of  Nitrous  Acid  (survey) 
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The  first  systematic  investigations  of  thermal  decoepoeition  of  eaters  of 


'nitrous  acids  were  undertaken  hj  Steacie  with  collaborators  in  Canada  « 

i  .  1 . 

|/l55_7'  kinetics  of  decomposition  of  methyl  -  £kiij »  /”5QJ7,  ethyl- 

C^Ji  n  -  propyl  -  C^^J»  >  isoproj^l  -  Ch^J  and  n  ~  butylinitrites 

\£5\J  was  studied  by  namomatric  method  at  170  -  240®  and  pressure  0.<X)5“-’^50.  cm  Hg. 

( 

j 

'  {for  methylnitrite  -  up  to  3000  cm  Hg).  It  turned  out  that  disintegration  of  these 
compounds  basically  is  homogeneous,  and  the  growth  of  pressure  is  subordinated  to 
the  law  of  reaction  of  first  order.  The  relation  of  pressure  of  final  gaseous 
products  of  disintegation  to  initial  pi'essureof  nitrite  vapors  depends  little  on 

concentration  and  temperature  and  changes  from  1.6  for  n-butylni trite  to  2.0  for 

•  < 
n  -  propyl  -  and  isopropylnitrites . 

Gaseous  products  at  room  temperattire  contain  80  -  98^  NO,  1-10^  CO  and 
small  quantities  of  other  gases,  the  nature  of  which  was  not  explained.  In  products, 
condensed  at  room  temperature,  aldehydes  and  alcohols  were  detected.  Activation 
energy  of  disintegration  for  all  members  of  the  series  turned  out  to  be  almost 
identical  and  close  to  37  kilocalories  mole. 

On  the  basis  of  results  of  the  investigation,  Steacie  concluded  that  thermal 
'  disintegration  of  alkylaononitrites  represents  a  simple  monoaolecular  reaction 

:  RCH30N0->4'RCH,0H+4rCH0+N0  (1) 

i  ■  ■  ■  ■  . 

J  the  speed  of  which  is  determined  by  the  speed  of  breaking  the  bond  of  RCHgO — NO 


i 


I 


RCH30-N0-*>RCH|0-|-N0  (2) 


and  activation  energy  corresponds  to  the  energy  of  breaking  of  this  bond.  The 

mechanism  of  reactions,  following  the  break  of  the  bond  0  >-  NO,  was  offered  by 

Rice  fhkj  on  the  basis  of  certain  indirect  data,  obtained  by  him  during  the 

'study  of  thermal  disintegration  of  ethylnitrite  at  400  ~  500®.  This  mechanism 

1 

included  the  following  main  reactions; 

E  It  was  assumed  that  at  small  pressures  these  reactions  are  also  possible; 

CHiCHjQ  -  CHi  +CH,0 
CHs-  4-CHiCHsONO-*  CH^+CHiCHONO 

The  first  of  them  -  the  nmin  ;vay  of  disintegration  of  efc^l  -  at  present  is 
quite  reliably  well-grounded  experimentally.  The  second  recently  was  rejected 


CH,CH,0.  fGH*CH,ONO-*-CH,CH,OH+CHsCHONO 
CH,CH0N0-*.CH8CH04-N0  * 

In  spite  of  the  fact  that  any  direct  proofs  of  the  existence  of  reactions  (3)  and 
(4)  Hice  was  unable  to  obtain,  this  mechanism  for  nearly  two  decades  was 
considered  to  be  conventional  and  was  wide-spread  not  only  for  disintegration  of 
all  remaining  esters  of  nitrous  acid  both  in  gas,  so  also  in  liquid  phase  /”31_7 
but  also  for  disintegration  of  alkylnitrates/~4lJ7. 

It  is  important  to  note  that  inasmuch  as  disintegration  of  nitrites  -  this 
is  a  reaction  of  first  order,  the  speed  of  reverse  stage  of  reaction  (2) 

RCHaO-  -f  NO  -»■  RCHjONO  .  ■ 

(i.e.  ordinary  interaction  of  nitrogen  oxide  with  radical)  with  such  a 

2 

mechanism  should  be  significantly  less  than  the  speed  of  reaction  (3). 


I  FOOTNOTE  CONTINUED  FROM  PROCEDING  PAGEJ' 

as  the  result  of  study  of  the  interaction  of  methylnitrite  with  products  of 
decomposition  of  tert-butylperoxide  In  work  o^f®red  another 

reaction  of  the  interaction  of  methyl  with  nitrite 

CH, '  +CH,ONO-  CHjNO  +CH,0  • 

used  also  by  P.  Gray  for  jinterpretation  of  data  on  disintegration  tert-butylnitrite 

Z"297- 

2.  Actually,  having  designated  the  constant  speeds  of  reaction  by  the  letter 
k  with  an  index,  corresponding  to  the  number  of  the  equation  of  the  reaction,  we 
obtain  (in  a  usual  assumption  on  the  stability  of  etoxyl  concentration) 

^nraH,CNO|  M.  rC.H,CN01  ~ 

.  CCiHjONOI  ’ 

«PH  *8fN0J<*3lC,H40N0I 

this  is  an  equation  of  reaction  of  the  first  order. 


Dtr«ct  experimental  check  of  the  -validity  of  this  concision -mm  ^ertaken 
by  Le-vy  sti^ying  with  the  help  of  an  i^rared  spectrometer  the  reaction 

of  ethyl  peroxide  in  the  presence  of  nitro^n^  oxide  and  etbylrdtrite  at  ISl*  arei  I 

pressure  on  the  o.ifer  ^  se-verl  cm  Hg.  iifith  this  temperature  the  desintegration  f 

I  '  ' 

rate  of  peroxide  is  very  great,  and  ethylnitrite  for  the  duration  of  several  < 

i 

i 

minutes  should  have  been  decomposed  by  reaction  (3).  Howe-ver  not  the  smaHest  | 

traces  of  decomposition  were  detected.  At  the  same  tism  the  speed  of  reaction  I 

(5)  was  -very  significant:  after  1  —  2  minutes  approximately  2Q5C,  and  after  4  -  t 

1 

6  minutes  ~  nearly  6Q5J  peroxide  in  the  presence  of  NO  changed  to  ethylnitrite.  | 

The  Rice  mechanism,  thus,  turned  out  to  be  unsound  at  least  for  that  area  I 

i 

of  conditions,  for  which  the  inain  part  of  experimental  data  is  obtained  on 
disintegration  of  nitrites  and  nitrates. 

Another  mechanism  w-as  offered  by  Levy.  The  experimental  -wise  of  this 
mechanism  was  the  investigation  of  thermal  disintegration  of  ethylnitrite, 
conducted  by  him  with  help  of  an  infrared  spectrometer  /”37^.  In  products  of 
disintegration  at  160  ~  200®  were  detected  acetaldehyde  (with  yield  of  60  -  90^ 

I 

in  reference  to  ethylnitrite),  nitrous  oxide  (20  -  25%),  and  also  small  quantities  ^ 

of  ethyl  alcohol  and  prussic  acids.  The  speed  of  disappearance  of  ethylnitrite 
was  subordinated  to  the  law  of  reaction  of  the  first  order.  With  the.  addition  of 
NO  the  disintegration  rate  almost  did  not  change,  the  yield  of  acetaldehyde  was 
increased,  to  lOOJf,  and  N2O  -  to  5C^.  Addition  of  acetaldehyde  led  to  an  increase 
of  the  disintegration  rate,  a  decrease  of  yield  of  N2O  and  clrtain  growth  of  the 
quantity  of  HCN  in  products  of  decomposition.  The  mechanism,  offered  for 

I 

explanation  of  these  results,  included  the  following  main  reactions: 

*  *  •  (6) 

CHjCH,ONO:^CH*CH,0  H-NO  ' 

*• 

IT”  An  analogous  phenomenon  was  observed  later  by  Hinshelwocjd  with  collaborators 
detecting  that  tert-butyl  peroxide  at  160®  in  the  presence  of  NO  almost 
quantitatively  transforms  into  tert-butylaitrite. 


V 


eHiSHP  fNO  CHiCHOf  NOH 

CHaCHjO .  Cl^-  -f  CH/>* 

2NOH  Np+H<0 

CHfiCHjO  +CH3GHO  -4.  CHjCH^OH+CHjCO. 

CHr+CO 


(7) 

(8) 
C9) 
(10) 


Consideration  of  reactions  (6)  and  (7),  deteradning  disintigration  rati  in 
usual  conditions  and  axpecially  vdth  the  addition  of  NOj  Itade  to  a  kinetic 
equation  of  reaction  of  the  first  order 


from  \diich,  in  particular,  it  follovfs  that  activation  energy  of  breaking  the 

! 

bond  0  ~  NO  in  ethylinitiite  ia  a  leas  experimsntally  determined  magnitude  (see 
Table  3  on  page  326)  on  the  activation  energy  of  the  reaction  (7)#  apparently,  | 
by  several  kilocalories  mole. 

Later  this  mechanism  was  wide-spread  in  other  alkylmononitrites  £  y^J ,  and  | 

I 

also  with  success  was  used  for  interpretation  of  the  result#  obtained  by  Pollard  ‘ 

I 

and  his  collaborators  C^J >  investigation  of  thermal  decoopoeition 

of  ethylnitrate  /~10__7. 

In  distinction  from  decomp:)3itiori  of  allqrlmononitrite.s#  thermal  disintegration 


of  polyjiitrites  -  this  is  an  area  almost  completely  not  inveetigated.  Chily  quite 
recently  in  literature  appeared  lata  about  thermal  d^compoeition  of  dinitrites  of 
several  glycols  at  temperatures  of  appreedmately  300®  /"32j7,  /”33j7. 


F 


”'**~'‘*^lAt ~"2CX3®  for  conetan!?  of  speed  of  reactions  (7),  (8)  and  reverse 
stage:  of  reaction  (6)  foUowir^  relationships  are  fulfilled:  *i  .  As 

the  results  of  certain  works  show  at  an  increase  of  temperature  to  3P0® 

the  speed  of  reaction  (C)  considerably  is  increased  ans  approaches  the  speed  of 
reaction  (7). 


4 
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I*  if  iBtfrfsting  thft  » lio  for  4I4  iaTfStigft^d  diidtritfs  th*  first  stag* 
of  disintfgrstion,  if  thf  lakMkkini  of  tht  bend  0  -  with  tht  fom> 

fition  of  A  hydrcoQ^AdicAl  «nd  N0<  The  further  fate  of  .the  hjnlrQXTrAdicAl  depends 
on  its  structure.  In'  (teco^position  of  foHe  dinltritee  (propAnt  •>  1.2  butane 
>  2.3  ~  and  1.4  i^acane  »  2.5  *>  end  oi^tein  others)  the  rAdioal  is  disintegrated 
I  or  is  regroupded,  separating  KO.  Eadioale  of  other  dinitr&tes  (propane  «  1.3 
butane  ~  1.3  pentane  •>  2.4  **  and  1.5  and  2.5  ~  diMthjlhexsne  -  2.5  ~  )  yield 
upon  disintegration  not- nitz^f^tn  oxideji  .but  zdtrofsn  .pezmide,  significant 

"Ih'  ■:\C  ‘  ‘  "■ 

quantities  of  which  (together  with  products  of  oxidation  hf  nitrogen  peroxide  of 
organic  substances)  wezre  detected  in  products  of  the  relation. 

It  was  establishsd  that  at  dscos^Kziition  pf  dlnitritec  close  to  300°  reactions 
of  type  (7)>  (10)  and  others  do  not  play  any  role  so  clearly  developsd  in 
disintegration  of  nononitritss  close  to  200°.  InssMieh  as  in  a  giesn  case  thszHs 
were  other  conditions  of  oonauctixig  the  experisante  and  the  ohesdeal  structure 
of  the  investigated  substances  to  answer  the  question  about  the  causes  of 
distinctions  in  the  aschaniss  of  disintegration  the  authors,  naturaUy,  were  not 
able. 

Results  of  these  works  were  used  fqr  interprstation  of  data,  obtained  during 

the  study  of  disintegration  of  nitrocellulose  \q>on  burning  it  in  a  vacuas  • 

«  • 

In  spite  of  the  fact  that  in  theee  works,  conducted  alsioet  siaultaneously 

with  our  works,  was  carried  out  a  signifioant  volvne  of  reeearch  or  di&integration 

of  dinltritss  of  polyatomic  alcohols,  a  Wole  scries  of  qusetions  xnasairHid 

•  • 

untouched.  First  of  all  was  not  ccHq}lst|sly  studied  the  dUintegration  of 

i 

polynitritss  at  lower  (100  *  200* )  tenpdraturee,  with  which  was  obtained  in  ties 

a  great  deal  of  data  requiring  interpretation  m  dtcoa^ition  of  polynitrates. 

Kinetic  investigati^  of  the  disintegr^lon  of  polynitritas  practically  a®i- 

existiuit.  There  ^'no  infosmtion  abo\jt  decomposition  ^  most  interesting 

of  th^m  «  dinitrit^  of  tt^  .siiiplsst  p^l^teaic  alc^^  >•  glycol  (1^ 

~~SrdfH£Fr'  STOP  HERC 


strange  as  it  may  st«n,  Merican  investigators  having  obtained  and  studies 
disintegration  of  more  than  ten  dinitrites  do  not  mention  one  work  about  it) 
and  an  analog  of  nitroglycerine  -  glycerintrinitrite . 

In  this  article  are  presented  the  main  results  of  investigations  conducted 
by  us  of  the  kinetics  and  mechanism  of  thermal  disintegration  of  dinitrite  of 
ethylene  glycol  and  trinitrite  of  glycerine  • 

Thermal  Decompoaitam  of  Dinitrite  of  Ethylene  Glycol 
Obtaining  Dinitrite  of  Ethylene  Glycol 

Dinitrite  of  ethylene  glycol  was  obtained  by  two  methods.  ^  the  first  of 
them  /"21_7  a-  solution  of  glycerintrinitrite  in  ethylone  glycol  was  heated  in  a 
distillation  bulb  to  100  -  105®  and  distilled  the  glycoHinitrite  formed  by  the 
usual  exchange  reaction.  Trinitrite  of  glycerine  was  preliminaiy  prepared  /~39_7 
by  prolonged  psisage  of  N2O2  through  glycerins,  dried  and  sublimated  in  a 
current  of  air  at  60  -  100®. 

This  awkward,  inconvenient  method  later  was  replaced  by  obtaining  dinitrite 
of  ethylene  glycol,  analogous  to  nitrites  of  other  monatcanic  and  diatcanic  alcohols 
/~6_7,  /”32_y  esterifications  of  glycol  by  an  aqueous  solution  of  nitrous  acid. 

To  an  aqueous  solution  f  two  equivalents  of  ethylene  glycol  and  nearly  three 
of  sodium  nitrite  cooled  by  a  mixture  of  ice  and  ealt  during  intense  mixing  was 
added  in  drops  two  equivalents  of  diluted  hydrochloric  acid. 

The  temperature  of  the  mass  was  not  raised  above  minus  2®.  Immediately 
after  termination  of  pouring  the  dinitrite  was  separated  and  processed  by  anhydrous 
soda.  Then  it  was  dried  by  sodium  sulfate  and  sublimated  under  atmospheric  (at 
a  temperature  of  nearly  96®)  and  under  lowered  pressure.  The  mobile  yellow 
liquid  obtained  in  this  Banner  with  characteristic  odor  was  liberated  frcsa 
gases  and  in  a  vacuum  was  transferred  to  soldered  ampoules.  Elementary  alalysis 
of  it  gave  the  following  results. 


Found  %x  C  19»78i  19.97?  H  3.60j  3.50;  fl  23.15;  "23*20. 

Calculated  for  C  20.00;  K  3.3'6;  N  23.33. 

Index  of  refracl^ln  =1,3884. 

The  /Rolecular  weight,  detensdned  hy  manoesetric  iaethcd  ia  120  ±  Q;6.  Heat 
of  evaporation,  calculated  from  the  dependence  of  vapor  pressure  on  temperature 
in  the  i-ango  16  -  100®  on  the  slope  of  the  straight  line  in  coordinates  Ig  p  - 
1/T  (see  Fig.  1),  is  equal  to  8.8  Icilocalories  mole. 

Methodology  of  Experiment 

The  'kinetics  of  disintegration  in  gas  phase  was  studied  by  measurement  of 

I 

pressiure  in  a  static  system  by  a  glass  mancsneter’  of  the  Bourdon  type  at  120  -  190® 
and  initial  pressure  50  «  1000  ram  Hg. 


For  introduction  of  dinitrite  and  additions  into  the  reactionary  vessel  was 
used  a  vacuum  installation  of  the  usual  type.  An  ampoule  with  dinitrite  was 
placed  in  a  sealed  ampoule  opener  (Fig.  2),  the  latter  was  joined  to  the 
installation  and,  \^on  pumping  the  aystera  to  residual  fa^ssxjre  10“^  -  10**^  m  Hg, 
the  tip  of  aa^oul®  brok^sn  by  a  turn  cf  the  ceck  of  the  opener. 

With  storage  even  ia  sealed  ampoules  and  in  cold  dinitrit®  noticeable  is 
deccraposed,  therefore  after  opening  the  ^oul®  ©asily^volatile  products  of 


disintegration  are  removed  by  prolonged  evacuation,  then  part  of  the  nitrite  is 
transferred  into  a  vacuum  in  a  reaction  vessel,  cooling  the  latter  vdth  liquid 
nitrogen,  the  vessel  was  heated  to  rocsa  temperature  and  again  the  dinitrite  was 
evacuated  for  removal  of  remainders  of  easily-^volatile  impurities. 

The  reaction  vessel  prepared  for  carrying  out  the  s3q)eriiaent  was  unsealed 
and,  having  determined  on  the  pressure  of  vapors  at  100®  the  quantity  of  nitrite 
in  the  vessel,  it  was  placed  in  a  liquid  thermostat,  the'  temperature  of  which 
was  maintained  constant  within  the  limits  ±  0.2®.  Time  of  heating  of  the 
substance  to  the  temperature  of  the  thermostat  usually  did  not  exceed  0.5  minutes. 


!  I  The  final  gaseous  products  of  disintegration  in 
the  beginning  were  analyzed  by  a  method,  vdiich  includes 
iseparation  from  the  mixture  by  means  of  deep  cooling  of 

'I 

»• 

tiro  fractions;  NO,  Co  and  -  in  the  first  (cooling 

I  r 

to  minus  165®)  and  N2O  and  CO2  ~  in  the  second  (minus 
‘1''0®).  NO  was  absorbed  by  an  acidified  solution  of 
FeSO^^,  COg  -  60^  solution  of  KOH,  and  the  contents  N2 
and  N2O  in  separate  fractions  were  determined  by  the 
difference . 

A  method  was  also  used,  by  which  carbon  dioxide, 
and  after  it,  nitrogen  oxide  with  a  surplus  of  oxygen 

was  absorbed  by  a  60S?  solution  of  KOH,  nitrous  oxide  was  burned  with  hydrogen 
(and  besides  a  little  CO  was  ocd.dized  by  the  oxide  to  CO2),  and  carbon  monoxide  - 
with  oxygen  on  a  heated  platinum  spiral.  The  formed  carbon  dioxide  was  absorbed 
by  the  alkali. 

Both  methods  were  checked  in  artificial  mixtures;  the  error  did  not  exceed 
1  -  1,55^  abs. 


Fig.  2.  Ampoiuji  opener 


Results  of  Experia®nts 


1  Influtncg  of  Initial  Concentration 


Manoc»etric  curves,  obtained  at  170®  and  different  initial  pressures  of 
blycoldini trite  vapors,  are  shown  in  Fig.  3  ~  5.  The  main  peculiarity  of 
dacanposition  of  blycoldinitrite,  characterised  by  these  curves,  consists  of  the 
fact  that  at  sufficient  high  (above  150  nsn^)  initial  pressure  it  has  a  clearly 
expressed  diphase  character,  and  besides  on  the  first  stage  the  disintegration 
rate  is  lowered  at  first  sharply,  and  then  more  slowly,  on  the  second  -  increases, 
passes  through  the  maximum  and  quickly  decreases  to  aero. 

At  small  initial  pressures  the  speed  of  gas  formation  continuously  decreases 

s. 

in  time,'  the  kinetic  curves  have  the  usual  form  (at  180®  and  initial  pressure  of 
approximately'  70  mm  deceleration  of  disintegration  in  time  occurs  according  to 

3 

the  law,  close  to  moncmolecular  -  see  Fig.  8,  b). 
f 


Fig.  3.  Kinetics  of  gas  formation  at  disintegration  of  glycoldinitrite 
at  170®. 

p^;  0  -  248,  Jk  -  248,  +  -  251  mm  Hg  1  -  in  coordinates  p/py  ~  ^  j 

2  -  in  coordinates  vr  (vr-  spoed  of  increase  of  pressure^,  a)  minutes. 


lAll  concentrations  of  gaseous  products  here  and  further  are  e3q3res80d  in 
mm  Hg  at  the  temperatui'O  of  the  experiment. 


Initial  speed  of  gas  formation  does  not  depend  on  concentration  of  dinitrite. 


Fig.  4.  Influence  of  initial  concentration  on  decon^josition  of 
glycoldini trite  at  I70®. 

p  :  1  ~  76;  2  -  221j  3  -  320;  4  -  405;  5  -  659  mm  Hg 

a;  minutes . 


However  on  subsequent  stages  of  the  first  stage  of  disintegration  such  a 
dependence  is  detected,  and  namely:  in  the  same  moment  of  time  (or  at  the 
same  relative  increase  of  pressure)  in  various  experiments  the  speed  is  lower, 


Fig.  5.  It^luence  of  initial  concentration  on  speed  of  gas  formation  in 
decomposition  of  glycoldinitrite  at  170®. 

p  :  1-76;  2-115;  3  -  221;  4  -  276;  5  “  320;  6  -  659;  7  •*  920  mm 
a}  minutes . 


"^ere  and  in  the  future  it  is  a  question  on  speed  of  growth  of  pressure, 
referred  to  initial  concentration  of  dinitrite  ‘  minutes 


This  influence  of  concentration  is  fully  defined,  but  small:  at  increase  of 
initial  pressure  from  100  to  1^.00  mm  speed  of  gas  formation  on  average  steps  of 
first  stage  of  disintegration  decreases  1.2  -  1.4  times,  increase  of  above 
400  mm  does  not  evoke  further  lowering  of  speed. 

Maximum  speed  of  gas  formation  at  an  increase  of  initial  pressure  to  600  - 
800  mm  increases,  and  then  is  somewhat  lowered.  Time  of  achievement  of  maxiinum 
and  pressure,  with  which  it  is  attained,  decrease  (see  Fig,  6). 

Concentration  of  dinitrite  in  a  determined  way  influences  also  the 
composition  of  final  products  of  disintegration  that  is  developed,  in  particular, 
in  the  change  at  increase  of  initial  pressure  of  the  quantity  of  products,  not 
condensed  at  various  temperatvu'es  (see  Fig.  7). 


Fig.  7*  1  Dependence  of  quantity  of  final  products  of  disintegration 

not  condensed  at  different  temperatures,  on  initial  pressure  , 

1)  j  2)  rni  Hgj  3)  Tkoob- 

Time  of  decompositj-on  at  an  increase  of  initial  pressure  is  considerably 
reduced.  At  70  -  100  mn  it  constitutes,  at  least,  450  -  500,  at  140  -  150  mm  - 
250  -  300,  at  200  mm  and  the  higher  pressure  -  150  -  200  minutes. 

Influence  of  Temperature 

At  an  increase  of  temperature  the  influence  of  concentration  on  speed  of 
both  the  first,  and  also  the  second  stages  of  disintegration  considerably^’' 
decreases.  Fraa  Fig.  9  it  is  clear  that  at  190®  an  increase  of  initial  pressure 
from  l/^0  to  300  mm  does  not  change  the  speed  and  does  not  allow  to  detect  a 
diphase  character  of  decomposition.  The  role  of  the  stage  of  disintegration  at 
an  increase  of  temperature  significantly  is  lowered,  and  the  relation  of  initial 
speed  to  speed  on  the  raaximvim  increases:  at  170®  and  initial  pressure  276  mm  (Fig. 
5)  it  equals  1.8  and  at  130®  and  299  mm  (Fig.  8)  -  3.1. 

The  initial  speed  of  gas  formation  at  increase  of  temperature  grows.  At 
170®  it  constitutes  5.8  •  10“^,  at  180®  -  15  *  lo”^,  at  190°  -  33-3  *  10“^  sec*"^. 
Activation  energy  of  disintegration  of  dinitrito,  calculated  by  these  speeds,  is 
equal  to  35.6  kilocalories  mole. 

Noticeably  increased  at  increase  of  temperature  is  the  volume  of  gaseous 
final  products  of  disintegration  (at  p^  *=  300  -  400  mm  and  170°  it  equals  2,9 


mol«8  per  mole  of  nitrite,  at  190®  -  3.2  moles  per  mole). 


Fig.  8.  Kinetics  of  disintegration  of  glycoldinitrite  at  180®. 
p  ;  1  -  and  3  -  299;  2  and  4-65.6  mm  Hg,  a  -  in  coordinates  p/p^  -  T” 
*  \n.d  b  -  in  coordinates  log  (p^on  “P)  “  • 

1)  minutes j  2)  log  (pcon  “  P)* 


Fig.  9.  Kinetics  of  disintegration  of  glycoldinitrite  at  190®. 
p^:  1  and  2-143;  3-305  ram  Hg  1 )  minutes. 

1 

Influence  of  Nitric  Oxide 

Addition  of  nitric  oxide  (see  Fig.  10,  11  and  Table  1)  considerably  decreases 

2 

initial  speed  of  grovrth  of  pressure  ,  and  besides  the  effect  of  addition  of  each 

new  NO  is  less  than  the  preceding,  and  upon  achievement  of  certain 

maximum  concentration  of  nitric  oxide  disappears  entire  I-*'.  At  an  increase  of 

temperature  this  maximum  concentration  scmevfhat  is  increased,  and  the  effect  of 

*  carrying  out  experiments  vdth  the  addition  of  NO  student  B.  I. 

Komkov  took  part. 

^Initial  speed  of  gas  formation  decreases  also  upon  addition  of  NO2  to 
dinitrite . 


Addition  of  NO  docrtuds  (Fig.  n). 


Fig.  10.  Infliionce:  of  nitric  oxide  on  disintegration  of  glycoldinitrite 
at  170®  and  «  250  -  260  m  Hg 

Pjjq!  1-  0;  2-25;  3  -  62  ma  Hg  (  )•  »)  minutes. 

It  is  necessary  to  note  that  lowering  of  initial  speed  depends  not  on  the 
relationship  between  concentrations  of  diriitrite  and  nitric  oxide,  but  only  on 
the  concentration  of  NO  (sea  Table  1), 


Fig,  11.  Dependence  of  initial  speed 
of  gas  formation  at  disintegration  of 
glycoldinitrite  at  170  and  190®  on 
pressure  of  nitric  oxide.  On  the 
axis  of  ordinates  -  the  relation  of 
initial  speed  of  gas  formation  in  the 
presence  of  NO  to  initial  speed  with 
that  sa^  tes^ierature  without 
addition  of  NO. 
a)  p  mmHg. 

NO 


It  is  essential  also  that,  in  significantly  decreasing  initial  speed,  nitric 
oxide,  added  in  moderate  (to -^200  mm)  quantities,  practically  does  not  .affect 

t 

the  speed  of  the  following  stages  of  disintegration  (see  Fig.  10). 


Composition  of  Gaseous  Products  of  Disinte]By&tion 


The  results  of  anal^ysia  of  gaseous  final  products  of  disintegration  of 
ethylene  glycol  dinitrite  at  170®  are  given  in  Table  2.  A  very  significant  fact 
is  the  presence  of  significant  quantities  of  carbon  dioxide  in  gases,  With  a 
very  large  initial  concentration  of  dinitrite  vapors  on  the  second  stage  of 
disintegration  a  temporary  yellovring  the  gas  phase  is  observed,  indicating  the 
formation  of  nitrogen  peroxide.  If  the  temperature  on  the  second  state  is 
quickly  lower  from  170  to  100®,  then  formation  of  over  increasing  quantities  of 
NO2  can  be  noted  also  at  usual  concentrations  of  glycoldinitrite,  NO2  is 
detected  in  intermediate  products  at  decreased  concentrations  of  dinitrite  also 
if  disintegration  from  the  very  beginning  takes  place  at  low  (120®)  temperature. 

One  should  note  that  a  change  in  initial  pressure,  addition  of  nitric  oxide 


and  water  hardly  influences  the  composition  of  final  gaseous  products  of 


disintegration 

Table  2 

Composition  of  gaseous  final  products  of  disintegration  of  dinitrite  of 

ethylene  glycol  at  170® 


Hatuxbuoe 

'AKHMTpHTS, 
MM  pr.  CT. 


BemecTBo, 

iAO^Bastoioe 

X  AKHHTpKTy 

^ _ 


Hai33JibHce 

MiMum 

HOfiSMCHKCrO 

semecTsa 

MM  DT.  CT. 


Ptgjpa  ns*  h*  s) 

Te«nepaTypajf  ti*  yosb  jwmrpHra  ^ 


170® 


IOC.' 


184 

276 


m 

m 

295 

281 


NO 


3.001 

2,d 


|2.&< 

!2.44| 


M 

62 

67 

228 


p,92|2.4S 


291 


HgO 


67 


.922 
91  2 
882 


!1 


2,08 

2.10 


NO 


m 


CO 


1 .541 

1.55 


p.H.j 
to.  13! 


.43} 

,41 

M 


2,18 

2.16 

2,16 

2.15 


1.48] 

l,52j 

1.46 


i.soto 


jo, 16^! 

3.15 


(0.12 

o.d 

M 


l.57to.l2^ 


|0.22 

'to.  19] 


N, 


to, 06 
0.08 


p,2S 

I0.I8 

k20 

p.22lD.2liO 


0,25! 

0.27 

0.28 

.2 


0.250,21^.03 


0,06 

0,07 

0,05 

.06 


1)  Initial  pressure  of  dinitrite,  am  Hg;  2)  Substance  added  to  dinitrite; 
3)  Init-ial  pressure  of  added  substance,  mm  Hg;  4)  Fnon^^o  temperatures; 
5)  Moles  of  gas  per  mole  of  dinitrite;  6)  Rocm. 


Cond<n8ing  Ppodactt  of  Dislat«ig!‘ation 


Condtnsing  at  room  ttaparatura  afttr  termination  of  assperimants  vdth  quite 
high  (more  than  ^200  nsa  at  170®)  initial  pressure,  the  colorless  viscous  liquid, 
turning  browi  with  continued  heating,  dissolves  well  in  water  and  has  an  acid 
reaction  on  litmus  paper.  It  contains  glycol  acid  (test  with  solution  of  FeGl^ 
and  phenol  in  water  and  test  with  2.7  -  dioxynaphthalene)  and,  apparently, 

glycol  aldehyde  (yellowing  of  aqueous  solution  of  products  upon  addition  of 
several  drops  of  concentrates  alkali  /”23_7).  Oxalic  acid  (test  with  CaSO^  and 
test  with  diphenylamin  /~26^)  and  ethylene  glycol  (reaction  borax  and  test  with 
CuSOji^  in  alkaline  medium  /~4_7)  in  it  are  not  detected. 


Fig.  12.  Kinetics  of  formation  at  disintegration  of  glycoldinitrite  of 
products,  not  condensed  at  170®  and  condensed  at  100®.  Tejimerature  of 
experisKjnt  170° . 

Products,  not  condensed  at  170  and  100®  -  upper  and  middle  curves, 
condensed  at  100®  -  lower  curve  (axis  of  ordinates  on  the  right). 

P  :  1  -  332,  2  -  302,  3  -  332  vm  Hg  (e^qjeriment  vessel  at  170®  and 

pressure  at  100®.  All  pressures  are  expressed  in  mm  Hg  at  170®. 
a)  minutes. 

In  the  products  there  is  also  water  and  formaldehyde,  and  ti^  quantity  of  tlM 
latter,  apparently,  is  greater,  the  higher  the  temporstm-^  of  the  ©xperisMnt. 


Experimsnta  were  also  conductsd  in  determining  the  kinetics  of  formation  at 
disintegration  of  dinitrito  of  ethylene  glycol  of  products,  condensed  at  lo'^ering 
of  temperature.  In  these  experiments  the  reaction  vessel,  heated  at  170®,  from 
time  to  time  vras  quidkly  cooled  to  100®,  pressure  was  measured  with  this 
temperature  and  again  was  quickly  heated  to  the  temperature  of  the  e^iperiment. 
Curves,  obtained  in  these  experiments  are  shown  in  Fig.  12-13.  It  is  clearly 
evident  that  di.fficul^y-volatile  products  will  be  formed  exclusively  on  the 
second  stage  of  decomposition,  and  an  increase  of  pressure  affects  their 
formation  only  in  that  measure,  in  which  it  affects  the  course  of  the  second 
stage  (approximating  the  moment  of  its  approach  and  increasing  the  speed  of  the 
reaction). 


i 


Fig.  13.  Kinetics  of  formation  of  products  of  disintegration  of 
glycoldinitrite,  condensed  at  100®,  in  experiments  at  170°. 

Pq:  1  -  1S4,  2  -  322,  3  -  535  mm  Hg,  p  -  concentration  of 
products,  condensed  at  100®,  expressed  in  rm  Hg  at  170®. 
a)  minutes. 

Additinn  to  Glycoldinitrite  of  Condensed  Products  of  DisinteRration  a.id  TnereftSA 
of  Surface  - - 

Addition  of  products  of  disintegration  condensing  at  room  temperature  to 
gl^  Goldinitrite  and  increasing  the  relationship  of  the  surface  of  the  reaction 


i 


j  vessel  to  its  volume  originally  affects  gas  formation.  Addition  of  one  of  the 
condensed  products  -  water  (Fig.  14)  and  increase  of  surface  by  filling  the 
vessel  vdth  glass  tubes  (Fig.  15)  do  not  render  an  influence  on  the  spaed  of 
I  initial  stages  of  disintegration,  however  on  the  middle  stages  curves  in  these 
experiments  are  noticeably  higher  than  usually,  which  indicates  an  increase  of 
"specific  gravity"  of  reactions  of  the  second  stage.  Addition  of  final  products 
of  disintegration  condensing  at  room  temperature,  which  are  very  hygroscopic  and, 
in  spite  of  prolonged  evacuation,  apparently,  contain  little  water,  even  more 
strongly  influences  the  second  stage  and  somewhat  accelerates  the  first  (Fig. 

16).  The  most  effective  of  all  on  disintegration  influences  the  joint  presence 
of  significant  quantities  of  ivater  and  condensing  products:  initial  speed 
increases  several  times  and  the  reaction  usually  is  twice  as  fast  as  in 
experiments  with  pure  dinitrite  (Fig.  17). 


Fig.  14. 
and 

0  , 


Influence  of  water  on  disintegration  of  glycodinitrite  at  170' 
260  -  290  USB  Hg. 

-  78,  2  -  67,  3  -  0  ran  Hg,  =  minutes 

2 


3 


Fig.  15.  Influence  of  asagnitude  of  surface  on  decomposition  of 
gl,ycoldinitrite  at  170°  ^and  p.  2s  500  mm  Hg. 
s/v:  1  “  10,  2  -  2  cm  .  a;  minutes. 


Fig.  16.  Influence  of  final  products  of  disintegration  condensed  at 
room  temperature  on  decomposition  of  glycoldinitrite  at  170°. 

1  -  p  =  220  sm  Kg,  vdth  addition  of  products  of  disintegration,  2  -  p^  = 
248  Hg,  pure  glycoldinitrite. 


Fig.  17.  Influence  of  final 
products  of  disintegration  condensed 
at  room  temperature  and  water  on 
decomposition  of  glycoldinitrite  at 
170°. 

1  -  vdth  addition  of  products  of 
disintegation  and  water  (p  «  280; 

Q  *=  100  mm  Hg);  2  -  pure 

glycoldinitrite  (p^  *=  276  rm  Hg). 
a)  minutes. 


Cn  the  walls  of  the  vessel  in  these  experiments  appears  a  white  deposit,  replaced 

me/ 

upon  cooling  by  a  thin  laj/^r  of  colorless  transjmrent  liquid.  The/ phase  in  the 


beginning  of  the  experiments  turns  yellow  or  brown  and  is  then  slowly  bleached. 


Hechaniam  of  Tmx^l  D€icoE^osition  Ethylsno  Glyeol  Dinitrite 


Diphaae  Character  of  Dialnt^^ation 

The  data  obtained  diiring  the  study  of  thsimi  decos^osition  of  dinitrite 
of  Qthylsns  glycol  show  that  disintegration  even  of  this  simplest  polynitrite 
is  very  complicated. 

As  v/as  already  noted  above,  the  character  of  kinetic  disintegration  curves 
at  not  very  high  temperature  and  sufficiently  great  initial  concentration 
indicates  that  decomposition  includes  at  least  tvro  macroscopic  stages  /~l6_7 
divided  -in  tiine,  each  of  which,  obviously,  consists  of  several  elementary 
reactions.  This  assumption  is  confirmed  by  a  number  of  other  experimental 
data:  significant  influence  of  initial  concentration,  and  also  filling  of  the 
reaction  vessel  with  glass  tubes  on  the  second  stage  of  disintegration  and  very 
weak  ~  on  the  first;  essential  influence  of  nitric  oxide  on  the  first  stage  and 
practical  absence  of  such  an  influence  on  the  second;  appearance  on  the  second 
stage  of  difficultly-volatile  products  of  disintegration  and  nitrogen  peroxide 
and  their  absence  on  the  first  etc. 

First  stage  of  disintegration .  The  proximity  of  activation  energy  of  the 

glycoldinitrite/ 

reaction,  determining  the  initial  disintegration  rate  of/ (36 
kilocalories  mole)  to  magnitudes,  received  for  mononitrites  (34  -  38  kilocalories 
mole  -  see  Table  3  on  page  459),  the  formation  k>£  NO  and  N2O,  the  similarity  of 
the  character  of  influence  of  NO  on  the  initial  disintegration  rate  of  glycol¬ 
dinitrite  with  those  mentioned  by  Levy  for  isoprcpjv.itrits  /~38_7  and  several 
other  facts  permit  the  assimption  that  the  mechanism  of  initial  stage  of 
decomposition  of  dinitrite  is  similar  to  the  mechanism  of  disintegration  of 
mononitrites,  adopted  by  Levy  C^lJ>  includes  the  following  min 


reactions : 


(11) 


CHjONO  *  CHjONO 

I  ?  1 

CHjpNO  CH,0. 


ipm 

CHJONO 


*  CHPHO 


+NOH 


i  +KO-=3^  I 
OijO-  CHO 

CHfim  ^ 

*^2CH,0+N0 

2N0H  NP4-K,0 

In  presence  of  NO2  this  reaction  is  possible  al^o 


CHjONO  CHjONO 

I 

OijO- 


(32)- 


(13) 

(14) 


(15) 


c!:h/:)no. 

Kinetic  processing  of  equations  (11)  -  (13)  on  the  assumption  that 
concentration  of  raciical  CH2  *  ONO  *  CH2O  •  is  stationary,  gives  the  follow! 
expression  for  speed  of  change  of  pressure  on  the  first  stage 


’  <*!+**) [NOl+ita 

for  initial  speed  of  gas  formation  during  disintegration  we  have 


CHjONO 

1 

CHjONO 


,  or 


This  is  coordinated  with  its  independence  on  concentration  and  allows  to 
deterndne  the  constants  of  speed  by  the  initial  speeds  of  gas  fonmtion,  anc 
constants  B  and  E  of  Arrhenius  equation  for  k.  Using  the  data,  shown  on  paj 
305,  w®  obtain 

k  »  10^'^  exp  (-35.6  •  IoVrT)  sec"^. 


owing 


and  also 
page 


The  magnitude  of  35*6  kilocalories  mole,  apparent equals  the  energy  of 
breaking  the  bond  0  -  NO  in  dinitrite  of  ethylene  gilycol*  The  exponent  in  this 
case  is  the  saase  as  aHQ^lmononitrites  (eee  Table  3)j  and  in  distinction  frcsa 
many  nitrates  /"lJ7  has  a  normal  value. 

For  eaq^rimants  with  addition  of  nitric  oxide  initial  speed  of  gas 
formation  is  determined  by  the  expression 


Hence,  in  particular,  it  follows  that  in  accordanVse  with  the  experiment  the 
initial  speed  depends  not  on  the  relationship  between  concentrations  of  NO 
and  dinitrite,  but  only  on  the  concentration  of  NO  and  that  with  an  increase 


of  this  concentration  it  decreases,  approaching  to  a  lim3,ted  value,  equal 

kkf 

Subtracting  from  equation  (16)  the  relationship  w^  3k,  after  conversions 
we  obtain 

— [noL 


(17) 


*(3&|  -f  ^  *(3*14-2**) 

Considering  expression  (17),  we  see  that  in  case  of  applicability  of  the 
postulated  mechanism  to  the  f:^st  stage  of  disintegration  of  glycoldinitrite  we 
should  for  experiments  with  addition  of  a  different  quantity  of  nitric  oxide 
obtain  a  straight  line  x  *=  A+b/N07q  in  coordinates : 

Pi 

Fig.  18.  Influence  of  nitric  oxide 
on  initial  speed  of  gas  formation 
at  disintegration  of  glycoldinitrite 
at  W. 

1  -  internal  scale,  2  -  external 
scale.  a)  am  Hg. 

W 


In  Fig.  18  the  dependence  betv^en 
concentrations  of  NO  and  initial  speed  is 


m  m  , 


represented  in  coordinates  /"nO x.  As  can  be  sma,  in  the  whole  rang®  of 


concentrations  of  NO  the  points  are  vrall  packed  on  the  straight  line.  Cosf 

of  the  eqxxation  of  this  straight  line,  calculated  by  the  is^thod  of  smallest 

2 

quadrants,  are  equal:  A  -  6.6*  10  mm  'min,  B  =•  39.3  minutes.  Knowing  the 

and  also  considering  that  k  *=  1.9  *  10  ^  sec  and  limiting  value  s 
-4  -1 

1.7  *  10  sec  ,  it  is  possible  to  calculate  the  ratio  of  constants  of  spe 
of  secondary  reactions  of  the  first  stage.  We  obtain:  k2/k2^5is’ 6,  k^/kjsss;] 
i.e.  k2’>k2>k2^  (concentration  in  mm  Kg). 

We  recall  that  at  disintegration  of  ethylnitrite  close  to  200°  /~37_7 
observed  a  reverse  relationship  between  the  speeds  of  corresponding  reactic 
(see  footnote  on  page  424). 

This  mechanism  exolains  also  the  formation  of  formaldehyde,  nitric  an( 

nitrous  oxide  at  disintegration  of  glycoldinitrite,  the  influence  of  NO2  oj 

initial  speed  and  several  other  facts.  If  one  were  to  consider  detachment 

nitric  oxide  oppressing  its  action  and  the  existence  of  maximum  concentrat 

NO,  then  it  is  easy  to  explain  the  observed  self-braking  of  the  reaction  o 

first  stage  and  dependence  of  its  degree  on  initial  concentration  of  dinit 

Second  stage  of  disintegration.  However,  the  main  peculiarity  of  the 

disintegration  of  glycoldinitrite  —  its  clearly  expressed  diphase  charac 

upon  increasing  concentration  —  that  mecnanism  offered  for  interpretation 

one  of  the  classic  monomolecular  reactions,  naturallj',  cannot  be  explained 

The  way  to  explanation  of  the  peculiarities  of  the  second  stage  of  disinte 

is  indicated  by  experin^nts  in  determining  the  kinetics  of  formation  of  di 

volatile  products  and  the  addition  of  these  products  to  fresh  dinitrite. 

if  one  were  to  compare  the  accelerating  action  of  difficulty-volatile  proc 

””  ^By  analogy  witn  disintegration  of  alxylmononitrites  it  may  be  concli 
that  the  sequence  of  reactions  (11)-  (I4)  by  far  does  not  exliaust  an  entii 
variety  of  transformations,  occurring  on  the  first  stage  of  dls integral i or 
glycoldinitrite  and  including,  possibly,  aislntegration  of  mononit  rites, 
interaction  of  hydr./xyrsdical  vdth  carbonyl  compounds,  nitroxyl  etc.  How? 
Qxperimentai  data,  requiring  postulating  of  these  steps,  is  toe  small  meai 
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with  the  fact  that  they  vdll  be  formed  at  the  stage  of  self -acceleration  of 
disintegration  faster,  as  the  speed  of  gas  formation  on  this  stage  is  higher, 
then  it  will  be  natural  to  assume  that  self -acceleration  of  decompositions  of 
glycciMinitrite  is  explained  by  the  catalytical  action  of  these  products. 

Ccffip&ring  these  observations  with  the  fonaation  of  nitrogen  peroxide  in 
intermediate,  and  carbon  dioxide  and  organic  acids  -  in  the  final  products  of 
disintegration,  and  also  with  influence  on  disintegration  of  water  (itseli,’  and 
in  combination  vdth  other  products )and  the  easy  hydrolyzability  of  dini trite 
in  liquid  state,  we  assumed  that  the  reaction  of  catalyzed  dif f iculty-volat i le 
products,  is  the  interaction  of  glycoldini trite  and  can  be  the  intermediate 
products  of  its  disintegration  with  water,  initially  formed,  for  example,  by 
reaction  (lA). 

This  interaction,  similar  to  low-temperature  hydrolisis  of  nitrites,  leads 

1 

to  replacement  of  the  nitrite  group  by  a  hydroxy  group  and  formation  of 
nitrous  acid.  The  latter  is  decomposed  into  nitric  oxide  and  nitrogen  peroxide 
and  '^ter.  Nitrogen  peroxide  oxidizes  the  large  excess  of  o’^ganic  products  and 
yields  CO,  CO2  and  a  certain  additional  quantity  of  water,  and  also  other 
substances,  including  organic *acids . 


^The  absence  in  products  of  disintegration  of  significant  quanitites  of 
ethylene  glycol  can  be  explained  by  the  fact  that  at  high  temperature  It  is 
very  quickly  oxidized  by  nitrogen  peroxide.  Experiments  on  oxidation  of 
glycol  by  NO2  at  ISO*-'  confirmed  this  assumption  and  showed,  in  addition,  that 
ir  the  gaseous  products  of  oxidation  t.he  concentration  of  COo  is  significantly 
greater,  than  CO  (cf.  Table  2).  kfe  recall  that  at  oxidation  by  nitrogen 
peroxide  of  formaldehyde  and  glyoxal  (main  organic  products  of  disintegration 
of  dinitrite  in  the  case  when  it  wholly  followed  the  mechanism  of  a 

reverse  relationship  between  concentrations  of  CO  and  CO2  is  observed 


It  is  difficult  to  assvmso.,  so  that  the  reaction  of  hydrolytic  character  is 
accomplished  in  volume.  Reactions  of  interaction  of  nitrites  with  water  are 
ionic  processes,  the  speed  of  passage  of  which  in  gas  phase  in  usual  conditions 
is  insignificantly  small. 

The  influence  of  surface  on  self-acceleration  and  catalysis  of  decomposition 

namel;^  with  difficulty-volatile  products  indicate  that  these  reactions  take 

place  on  the  wall  of  the  vessel  in  a  fine  film  of  liquid  covering. 

Difficultly-volatile  products,  settling  on  the  surface  of  the  glass  and 

absorbing  molecules  of  dinitrite  and  water,  facilitate  and  accelerate  their 

interaction.  Probably,  the  acid  character  of  certain  products  also  plays  a 
1 

part  . 

It  is  interesting^ to  note  that  the  appearance  in  products  of  disintegration 
of  nitric  oxide,  substantially  decreasing  the  speed  of  gas  formation,  very  little 
affects  the  disintegration  rate  of  nitrite  (at  170®  k  *=-  1.9  *  lO”^  sec”  ,  and 

k  *5 

the  limiting  value  of  the  constant  of  speed  in  the  presence  of  NO:  rTT"  -  1.7  " 

-4  -1 

10  sec  ).  In  connection  with  this,  the  influence  of  initial  concentration 

of  dinitrite  on  the  speed  of  the  first  stage  of  disintegration  is  very  small. 

On  the  base  of  the  second  stage  are  the  polymolecular  reactions,  therefore  at  an 

increase  of  concentration  of  dinitrite  the  speed  and  role  of  reactions  of  this 

stage  in  the  process  of  decomposition  considerably  increase. 

Tnermal  Decomposition  cf  Trinitrite  of  Glycerine 

(A  work,  the  .  ssult  of  which  are  in  this  division,  were  carried  out  jointly 

with  Ye.  V.  Vasil'ev) 

Obtainmcnt  and  Certain  Properties  of  Glycerine  Trinit^ite 

-^The  interaction  of  dinitrite  witn  produ' ts  of  disintegration,  besides  direct 
experiments  of  addition  of  products  is  indicated  also  by  the  fact  that  at 
sufficient!}  great  concentration  of  dinitrite  the  time  of  decomposition  is 
significantly  (2-3  times )lea3  than  tnat,  which  is  required  for  completion  of 
2  monomolecular  reaction  of  disintegration. 


Trinitrite  of  glycerine  was  obtained  by  0.  I&saon's  nsethod  £"39 Jt  by 
passing  through  dynamite  glycerine,  poured  into  a  water  cooled  glass  cylinder, 
a  strong  current  of  a  mixture  of  nitric  codde  and  nitrogen  peroxide,  A  mixture 
of  oxides  in  turn  was  obtained,  adding  air  to  gas,  emanating  under  the  action 
of  sulphuric  acid  on  sodium  nitrite.  The  product  was  dried  by  scxiium  sulfate 
end  three  times  ’was  sublimated  in  a  current  of  nitrogen  at  60  -  100®,  removing 
every  tiB»  on  the  average  0.6  -  0.8  distillate.  Then  the  nitrite  was  evacuated 
for  removal  of  gMea  dissolved  in  it  and  in  a  vacuum  was  transferred  into  aa^oules, 
^ich  were  then  kept  in  a  dark  cold  place .  Pure  nitrite  is  a  light-yellow  mobile 
liquid  with  a  characteristic  odor.  Upon  storage  in  air  for  the  duration  of  2  - 
3  days  it  is  decanposed,  is  colored  dark-green,  and  is  kept  in  sealed  ampoules 
for  the  duration  of  2  -  3  months. 

Results  of  elementary  analysis  of  a  freshly-distilled  product: 

Found  %x  G  -  20.20;  20.29;  H  -  2.90;  3*00^.  Calculated  %  for 
C  -  20.11;  H  -  2.79. 

Determination  of  molecular  weight,  done  by  mancmetric  method,  gave  in  two 
experiments  the  value  181.5  and  178  (calculated  molecular  weight  -  179). 

The  dependence  of  vapor  tension  on  temperature  in  the  range  0-130®  is 
represented  in  Fig.  19-  Heat  of  evaporation,  determined  by  the  slope  of  the 
straight  line  in  coordinates  Ig  p  -  ,  constitutes  10.1  kilocalories  mole, 

the  boiling  point,  obtained  by  extrapolation  of  the  curve  of  pressure  -  temperature 
on  760  mm  Hg  is  equal  to  154®  accord"*  ng  to  Masson  £39 J  approximately  150°). 
Temperature  of  hardening  from  -  60  to  -  58®C. 


^Reliable  determinations  of  nitrogen  in  trinitrite  were  not  able  to  be 
conducted. 


Fig.  19.  Dependence  of  vapor  tension  of  glycerins  trinitrite  on 
temperature .  ^ 

a  -  in  coordinates  p-t;  b  -  in  coordinates  Ig  p  -  -  . 

T 

1)  p  ran  Hg;  2)  log  p. 

The  n»thodology  of  preparation  and  carrying  out  of  experiments  on  thermal 
decomposition  of  glycerine  trinitrite  basically  is  analogous  to  what  is  above 
described  for  glycolditrite . 

Results  of  Experiments 
Influence  of  Initial  Concentration 

Experiments  on  thermal  deccaaposition  of  glycerine  trinitrite  were 
conducted  at  100  -  160°.  The  influence  of  initial  concentration  on  disintegration 
was  especially  in  detail  investigated  at  150^.  Kinetic  curves,  obtained  with 
this  temperature,  are  shown  in  Fig.  20. 


Fig.  20.  The  kinetics  of  gas  formation  in  disintegration  of  glycerine 
trinitrite  at  150°. 

p  :  1  -  545}  2  -  310}*  3  -  215;  4-142;  5  -  69  ram  Hg. 

a  -  in  coordinates  p/p^  -f;  b  -  in  coordinates  v*-  T. 
a)  minutes. 

Their  similarity  with  the  curves,  obtained  for  dinitrite  of  ethylene  glycol, 
for  example,  at  170''  is  completeiv’-  obvious:  the  clear  diphase  character  of 
decomposition  with  fall  of  speed  ori  the  first  stage  and  gro^^rth  -  on  the  second, 
independence  of  initial  speed  from  concentration,  increase  at  increase  of 
concentration  of  maximum  speed  and  decrease  of  the  time  of  its  achievement 
allow  us  to  talk  about  this  with  sufficient  definiteness.  Certain  distinctions 
are  also  clearly  evident.  At  near  times  of  full  decomposition  the  role  of 
reactions  of  the  second  stage  at  disintegration  of  trinitrite  is  significantly 


/// 


lftrg«r  than  at  disintegration  of  dinitrite:  the  relation  of  nvaximum  spaed  to 
initial  at  Pq~200  urn,  for  example,  in  the  first  case  is  approximately  3  (150®), 
in  the  second  -  nearly  0.4  (170®).  Speed  on  the  first  stage  of  d®C(xaposition 
falls  less  sharply,  than  in  the  case  of  glycoldinitrit®,  and  the  oppressing 
influence  of  initial  concentration  on  speed  of  the  first  stages  of  disintegration 
is  not  developed. 

The  gas  phase  on  the  second  stage  of  decomoosition  in  usml  concentrations 
of  trinitrite  is  colored  light“yellcw(in  "the  case  of  dinitrite  vdth  these 
concentrations  it  is  not  colored  even  at  140®).  The  quantity  of  final  products, 
not  condensed  at  the  temperature  oS  the  experiment,  is  somewhat  (nearly  one  mole 
per  mole  of  parent  substance)  larger,  than  in  disintegration  of  dinitrite.  The 
quantity  of  final  products,  condensed  upon  lowering  of  temperature  to  room, 
constitutes' — ^0.4  moles  per  mole. 

Influence  of  Temperature 

A  change  of  temperature  affects  disintegration  of  glycerine  trinitrite  the 
same  as  disir+egration  of  dirdtrite  of  ethylene  glycol:  upon  lowering  the 
temperature  the  role  of  reactions  of  the  second  stage  is  increased,  the 
relationship  between  speed  on  iModmum  and  initial  increases  (at  Pq'~'300  mm 

.2).  Upon  lowering  the  temperature  the 
content  of  nitrogen  peroxide  is  also  increased  in  products  of  the  second  stage 
of  disintegration.  Only  slightly  yellow  at  150  -  160®,  the  gas  phase  at  100® 
near  to  the  maximum  of  speed  becomes  brick-red. 

Upon  significant  (to  100  -  120®)  lowering  of  womperature,  the  character  of 
decomposition  somewhat  changes:  speed  on  the  initial  stage  does  not  decrease, 
but  slowly  increases,  and  the  curve  is  transformed  into  a  kinetic  curve  of 
usual  autocatalytic  reaction  (Fig.  21). 

In  considering  the  similarity  between  disintegrations  of  dinitrite  of 
ethylene  glycol  and  trinitrite  of  glycerine,  we  conducted  an  experiment  on 


d«ooo?»o«ition  of  dinitrite  at  low  tes^jerature  in  hope  of  also  obtaining  for  it 
the  usual  autc^talytic  curve  with  one  extreme  value  of  speed.  T!‘.ese 
expectations  were  justified:  at  120®  (Fig.  22)  dinitrite  deccmiposed  with  a 
constantly  increasing  speed,  on  the  maxinium  exceeding  the  initial  speed  by  17 
tinMs.  The  gas  phase  near  to  maximum  was  colored  bright-yellow. 

Initial  speed  of  gas  formation  at  143  •”  160°  grows  with  a  temperature 
somsi^at  faster,  than  in  the  case  of  glycoldinitrite  (at  1?0  -  190‘ ),  activation 

energy  upon  calculation  according  to  initial  speeds  in  this  range  of  temperatures 

1  17  8 

constitutes  41.4  kilocalories  mole  (Fig.  23).  The  ejqjonent  is  also  high:  10 

-1  , 
sec  . 

At  120”  initial  speed  is  considerably  higher  than  this  is  required  by 
Arrhenius  equation;  apparently,  with  this  temperature  the  second  stage  starts  to 
be  placed  on  the  first. 


(See  Fig.  21  On  Following  Page) 


^^^t~i3~liecessary  to  note  that  in  this  respect  the  investigated  polynitritea 
are  completely  analogous  to  corresponding  polynitratos :  dinitrits  and  dinitrate 
of  glycol  have  activation  energy  of  disinte^ation  of  approximately  36 
kilocalories  mole,  trinitrite  and  trinitrate  C^J  of  glycerine  -  41  -  43 
kilocalories  mole.  The  cause  of  this  distinction  between  di-  and  trinitrates 
and  nitrites  are  still  insufficiently  clear. 


! 

I 


Fig.  22.  Disintegration  of  dinitrite  of  ethylene  giycol  at  120®  and 
Pq  =  780  am  Hg.  l)  minutes. 


Fig.  23.  Dependence  of  initial  speed  of  gas  formation  in  disintegration 
of  glycerine  trinitrite  on  temperature  in  the  range  120  -  I60®, 

1)  logv. 


Influence  of  Nitric  Oxide 

Addition  of  nitric  oxide  to  trinitrite  of  glycerine  just  as  to  dinitrite 
of  glycol,  decreases  the  speed  of  gas  fomaation  on  the  fii’et  stfifge  and  almost 
does  not  affect  the  second.  The  character  of  decrease  of  initial  speed  upon 
addition  of  increasing  quantitites  of  NO  (Fig.  24)  is  similar  to  that,  which  is 


observed  for  dinitrite. 


Fig.  24.  Influence  cf  NO  on  initial  apeed  of  gas  formation  during 

disintegration  of  glj-cerine  trinitrite  at  150".  1)  minutes.  2.  mm  Hg. 

Addition  to  trinitrite  of  large  quantities  of  NO  decreases  the  initial 
disintegration  rate  in  a  limit  approximately  4  times  versus  3  in  the  case  of 
glycoldinitrite  at  170  -  190®.  It  is  true  that  this  limited  suppression  of  gas 
formation  is  attained  upon  addition  of  not  less  than  500  mm  of  NO,  Just  as  for 
decreasing  the  speed  to  the  limit  in  the  case  of  dinitrite  at  170®,  20  mm  of 
this  gas  is  sufficient  (see  Fig.  11). 

Final  Products  of  Disintegration  and  their  Influence  on  the  Process  of 
Decocaposition 

Condensed  at  roan  temperature,  the  final  products  of  disintegration^  -  a 
dark  brown  liquid,  somevdiat  less  viscous,  than  in  the  case  of  dinitrite,  are 
well  dissolved  in  vmter  and  have  an  acid  reaction  on  Congo  red.  Titrating  an 
aqueous  solution  of  these  products  with  an  all<ali  shov»«d  that  on  carboxyl 
groups  is  replaced  nearly  0.1  of  all  -  ONO  groups,  contained  in  trinitrite. 

Addition  of  final  condensed  products  to  fresh  nitrite, as  Fig.  25  shows, 
considerably  increases  speed  and  changes  the  character  of  disintegration, 
turning  the  sell -accelerated  reaction  into  a  quickly  delayed  one. 


"ISiSeous  products  of  disintegration  were  not  analysed.  Vfe  only  know  that 
oxide  constitutes  a  significant  share  of  them,  yielding  a  strong  brown 
color  in  the  gas  phase  upon  taking  in  air  into  the  vessel. 


Fig.  25.  Influencft  of  coruienaad  products  of  disintogration  on 
dscoa^osition  of  glycerine  trinl.trita  at  150®. 

1  -  and  2  ~  trinitrite  with  addition  of  condensed  products,  3  -  fresh 
nitrite.  a)  minutes;  b)  p  am  Hg. 


Fig.  26.  Influence  of  water  on  disintegration  of  trinitrite  of 
glycerine  at  150®. 

1  -  p  H2O  “  45  nan  Hg,  2  -  without  addition  of .water,  a)  minutes; 
b)  p  asm  Hg. 

These  expericants  were  conducted  in  the  following  way.  Condensed  products 
from  the  preceding  experiment  dissolved  in  a  small  quantity  of  water,  were 
placed  in  a  pure  reaction  vessel  and  evacuated  for  a  long  time,  heating  it  to 
80  -  100®  for  removal  of  water.  After  that  trinitrite  was  introduced  into  a 
special  outlet  sealed  to  the  vessel,  then  the  latter  was  unsealed  and  placed 
in  a  thermostat. 

It  is  necessary  to  note  that  in  spit©  of  prolonged  preliminary  evacuation, 


the  condensed  very  hydrophilic  products,  apparently,  still  retain  a  little 
water.  In  one  of  two  experiments  (curve  2),  shown  in  Fig.  25,  water  was 
removed  more  thoroughly,  than  in  the  other.  The  speed  of  decomposition  in  this 
experiment  correspondingly  was  lower. 

It  is  necessary  to  say  that  in  spite  of  specially  taken  meas\ire3  of 
preventing  the  interaction  of  added  substances  with  liquid  (not  managing  yet 
to  be  turned  into  vapor)  nitrite  in  the  process  of  heating  the  reaction  vessel 
to  the  temperature  of  the  thermostat,  the  reaction  in  liquid  phase  all  the 
same, apparently,  proceeded  and  could  influence  the  course  of  the  exparinent. 


Fig.  27.  Influence  of  the  relation  of  the  surface  of  the  vessel  to  its 

volume  on  disintegratiojij^of  glycerine  trinitrite  at  1,50°. 

s/v:  1  -  lOj  2  <  2  cm  .  a)  minutes;  b)  p^  =  120  mm  Hg,  c)  nun  Hg. 

Increase  of  the  relation  of  the  surface  of  the  reaction  vessel  to  its 

volume  (Fig.  2?)  just  as  during  disintegration  of  dinitrite  noticeably  approached 

the  second  stage  and  almost  did  not  affect  initial  speed  of  gas  formation. 

Discussion  of  Results 

It  is  hardl;;^  possible  to  doubt,  comparing  results  of  experiments, 
conducted  with  glycerine  trinitrite  and  glycoldini trite,  in  deep  similarity  of 
mechanisms  of  their  disintegration.  First,  what  can*  one  say  with  sufficient 


definitiveneas  ~  this  is  the  diphase  character  of  disintegration  of  these 
compounds . 

Reactions  of  the  first  stage  of  decomposition  of  trinitrite,  apparently, 
are  analogous  to  reactions  of  disintegration  of  alkyljnononitrites  and 
glycoldini trite  on  this  stage,  and  the  main  ones  include  splitting  of  middle  or 
extremely  groups  of  NO,  disintegration  of  hydroxyjradicals  and  reactions  of 
them  with  nitric  oxide,  disintegration  of  nitrites  of  hydroxyaldehydes  and  others 
fonnsd  with  this. 

Based  on  the  results  obtained  recently  /”32_7  in  the  study  of  disintegration 

of  1,  3  -  butylene  glycol  dinitrite,  the  middle  NO  -  group  of  which  splits  14 

times  faster  than  the  extreme  and  also  in  the  old  experiments  of  Farmer  /~25_7 

and  Delpy  /”20_7,  which  discovered  that  upon  saponification  of  nitroglycerine 

a  basicallj’-  symmetrical  glycerine  dinitrate  is  formed,  one  can  expect  that  the 

speed  of  splitting  of  the  middle  NO  -  group  in  glycerine  trinitrite  is  greater 

1 

than  the  extreme  groups  ;  there  are  not  direct  indications  of  this,  however. 

Experiments  with  additon  of  NO  at  150‘  show  that  the  disintegration  rate 
of  hydroxyradicals  in  the  case  of  glycerine  trinitrite, apparently,  is  higher 
than  for  glycoldinitrite  (even  at  190‘  ).  For  maximum  oppression  of  gas 
formation  during  decomposition  of  trinitrite  it  is  necessary  to  add  significantly' 
more  NO.  This  is  confirmed  by  a  less  sharp  fall  of  speed  on  the  first  stage  of 
disintegration  of  trinitrite  and  the  absence  of  oppression  of  gas  formation 
upon  increase  of  initial  pressure.  "Specific  gravity"  of  reactions  of  radicals 
with  NO,  yielding  nitroxyl,  is  correspondingly  less  than  in  the  case  of 
disintegration  of  dinitrite,  apparently,  even  less  than  the  role  of  reverse  stage 

iThis  assumption  contradicts  the  experiments  with  glycerine  dinitrate 
conducted  by  Jelinek  ^  these  experiments  it  was  shown  that  at  140-160‘ 

the  speeds  of  disintegration  of  vapors  of  symmetric  and  nonsymmetric  dinitrates 
differ  little. 


of  the  reaction  of  disintegration  of  a  molecule  of  nitrite.  Sicperiinental  data 

for  a  more  detailed  discussion  of  the  Mechanism  of  the  fira_  stage  does  not  exist. 

The  second  stage  of  decoc^oaition  of  trini.trite,  apparent just  as  the 

second  stage  of  disintegration  of  dinitrite,  includes  hydrclisis  of  the  nitrite 
on  the  wall  in  a  thin  layer  of  condensed  products  covering  it  and  oxidation  of 
organic  substances  by  nitrogen  peroxide,  formed  during  disintegration  of  nitrous 
acid. 

The  role  of  reactions  of  hydrolisis  and  oxidation  during  disintegration  of 
glycerine  trinitrite  obviously  ia  lignif leant 2y  greater,  than  in  the  case  of 
,  decco^osition  of  glycoldinitrite.  This  is  indicated  more  greatly,  than  for 
glycoldinitrite,  the  growth  of  speed  in  the  process  of  decomposition,  formation 
of  significant  quantities  of  nitrogen  peroxide  under  those  conditions,  with 
>diich  there  is  not  the  slightest  trace  of  it  noticeably  In  the  case  of  glycol¬ 
dinitrite,  significantly  greater  influence  of  water  and  condensed  products  of 
disintegration  and  sc'  forth. 

On  the  Mechanism  of  Thermal  Decomposition  of  Esters  of  Nitrous 

and  Nitric  Acids 

Esters  of  Nitrous  Acid 

Gasphase  thermal  disintegration  of  alkylmononitrites  near  200°  -  one  of 
the  simple  and  studied  in  detail  pyroUthic  reactions.  The  most  probable  main 
stages  of  it  -  breaking  the  bond  0  -  NO,  interaction  of  the  formed  nitric  oxide 
with  a  hydroxy  radical  and  disintegration  of  the  latter: 

RCH,ONO^  RCH,0. 4-NO  ^  RCHO4.NOH 

RCHjO-  4  R.4-CH,0 

Total  speed  of  the  process  is  determined  by  the  speed  of  its  first  stage 
and  changes  according  to  the  of  monomolecular  reaction.  Activation  energy 
of  this  reaction  is  within  the  range  34  -  36  kilocalories  mole,  the  pre¬ 
exponential  factor  in  Arrhenius  equation  has  noiml  value  (10^  ./.  10^  sec"^). 

Increase  and  ccmplication  of  a  molecule  in  a  series  of  alkylmononitrites 


^  1984a  to  an  incr«fise  of  the  disintegration  rate.  In  Table  3  are  the  constants 
I  of  Arrhenius  equation  and  constants  of  disintegration  rata  of  a  series  of 

i 

V 

mononitrites  at  190°.  It  is  clear  that  upon  transitioii  fro©  one  hctnologue  to  the 

j 

I  next  the  speed  of  the  reaction  is  increased  approxiovat^jlj'  twice. 


^  Table  3 

Speed  of  thermal  disintegration  of  alkyi^nitrites 
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1)  Substance;  2^  Range  of  temperatures  °Cj  3)  Activation  energ7  E,  ggrg';  , 

4)  log  B,  (sec,"*  )j  5)  Initial  disintegration  rate  and  k  at  190°  uec^  *10^1 
6)  References  in  literature;  ^7)  Methylnitrite;  8)  Ethylnitrite ;  9)  n  - 
Propyl  nitrite;  10)  Isopropyl^nitrite;  11)  n  -  Butylnitrite ;  12)  Dinitrite  of 

ethylene  glycol;  13)  l^initrite  of  glycerine. 

*By  calculation. 

The  disintegration  rate  of  the  hydroxy  radical  is  also  increased  during 
complication  of  a  molecule.  During  disintegration  of  ethylnit^rit^j  this 
<  reaction  does  not  play  almost  any  role  and  in  any  case  the  speed  of  it  is 
^  imffleaaur«bly  Ijas  than  the  speed  of  formation  of  nitrite  from  etoxyl  and  NO 
Cyiji  during  disintegration  of  n  -  propyl  nitrite  it  ia  already  very  significant 
C'i^J >  in  the  case  of  tert-butylnitrite  at  201°,  as  shows  a  simple 

calculation  according  to  the  data  of  Levy  coraitant  of  the  disintegration 


rate  of  tsrt-butoxyl  (k3)  is  several  hundreds  timoa  more,  than  the  constant  of 
speed  of  formation  of  nitrite  from  tert-butowl  and  NO  (k^^)  (concentrations  in 
mm  Hg). 

If  a  molecule  of  ethylnitrite  is  ccraplicated,  replacing  hydrogen  of  jj  - 
carbonic  atom  not  with  CH^,  but  with  ONO,  i.e.  to  turn  ethylnitrite  into 
dinitrite  of  ethylene  glycol,  then  on  the  initial  stage  of  disintegration  this 
will  lead  to  an  increase  of  speed  of  breaking  the  bond  0  -  NO  5  ~  6  times  more, 
than  upon  introduction  of  a  CH^-group  (see  Table  3),  and  also  to  a  certain 
increase  of  the  disintegration  rate  of  the  hydroxyradical,  without  principal 
change  of  the  mechanism  of  this  stage. 

The  very  same  will  occur  upon  transition  from  propyl  nitrite  to  trinitrite 
of  glycerine:  the  main  reactions  of  the  initial  stage  of  disintegration  will  be 
maintained,  but  the  speed  of  breaking  the  bond  0  -  NO  and  the  disintegration 
rate  of  the  hydroxyradicals  considerably  will  be  increased. 

If  for  ethylnitrite  the  relationships  between  speeds  of  main  reactions  it 
is  possible  to  present  in  the  form 

then  for  glycoldini trite 

and  for  glycerine  trinitrite,  apparently: 

Upon  increase  of  temperature  the  relationships  between  serparate  speeds  of 
the  process  obviously-  change.  Disintegration  rate  of  the  hydroxyradical  is 
probably  triturated  faster,  than  the  speed  of  reactions  of  its  interaction  with 
nitric  cocido.  This,  besides  certain  indirect  data,  is  indicated  by  the  results 
of  works  of  American  investigators  not  detecting  in  the  products  of 

disintegration  of  vicinal  dinitrites  at  260  -  280®  of  emy  organic  ccanpounds, 
besides  aldehydes,  formed  as  a  result  of  the  breaking  the  bond  between  atoms  of 
carbon,  axid  also  the  results  jcf  Pollard's  investigations  with  collaborators 


[^Ji  establishing  the  presence  in  prodiucts  of  disintegrate -^n  of  sthylnitrate 
of  significant  quantities  of  formaldehyde  at  '^300®  and  not  finding  it  at 
~200°. 

This  assumption  is  confirmed  by  an  experiment  vdth  dinitrite  of  ethylene 
glycol,  conducted  by  us  at  290®.  Pressure  in  this  case  grow  not  2,8  -  3*1  times 
as  in  the  experiment  at  170®,  but ''-'3*8  times,  closely  approaching  to  that 
pressure,  wiiich  should  be  created,  if  the  dlnitrite  is  decomposed  by  the 
equation 


CH,ONO 

I 

CHiONO 


-♦  2CH,0+2NCy 


^  The  speed  of  the  reaction  of  disintegration  of  nitrcoyl  with  an  increase  of 

i  temperature,  apparently,  also  grows  somewhat  faster,  than  the  recombination  rate 

I 

!  of  the  hydroxyradical  and  NO. 

Thus,  if  one  were  to  consider  only  initial  stages  of  disintegration,  the 

■  transition  from  mononitrites  to  polynitrites,  principal  changes  in  the  iwechanism 

I  of  decomposition  do  not  occur.  In  spite  of  the  fact  that  this  process  obviously 

becomes  more  complicated,  its  main  regularities  remain  the  same.  Naturally, 

% 

only  the  speeds  of  separate  main  reactions  and  the  relationship  between  constants 
of  these  speeds  change,  first  of  all  during  disinte^ation  of  the  hydroxyradical 
and  in  its  reactions  with  nitric  oxide  (not  in  the  use  of  the  latter). 

However,  if  we  from  the  initial  stages  of  disintegration  turn  to  con¬ 
sideration  of  the  entire  process  on  the  whole,  we  immediately  will  encounter  an 
essential,  principal  distinction  of  the  mechanism  of  gasphase  pyrolysis  of 
polynitrites  from  mononitrites.  It  is  in  the  presence  of  polynitrites  in  certain 
conditions  of  the  second  self-accelerated  and  essentially  polymolscular  atage  of 
disintegration,  and  also  in  the  appearance  in  intermediate  products  of  nitrogen 
peroxide,  as  it  we  shown  above,  closely  connected  >dth  the  degree  of 


development  of  the  self-accelerated  reaction. 

analogy  vdth  the  assumption  of  American  investigators  /"32_7> 

detected  NO^  in  products  of  disintegration  of  certair.  nonvicinal  dinitrites  neai* 

300®  it  would  have  been  possible  to  imagine  that  nitrogen  p)eroxid0  appears 

during  disintegration  of  the  hydroxyradical,  formed  as  a  result  of  splitting  of 

one  NO-group  from  a  molecule  of  nitrite.  However,  apparently,  under  the 

conditions  of  our  experiments  this  reaction  plays  no  part.  The  main 

experimental  contradiction  of  the  proposal  about  formation  of  NO^  during 

disintegration  of  hydroxyradicals  is  included  in  the  results  of  experiments 

with  lowering  of  temperature  to  the  second  stage  of  deconqjosition  of  dinitrite 

the/ 

of  ethylene  glycol  from  170  to  100®;  in  spite  of  the  fact  that  at  100°/8peed  of 

thermal  disintegration  of  dinitrite  (k)  is  practically  equal  to  zero,  the 

concentration  of  NO2  for  a  prolonged  (nearly  half  an  hour  and  more)  is 

increased,  and  besides  the  ^as  phase  in  the  reaction  vessel  from  completely 

colorless  turns  into  dark-red.  Of  course  any  hydroxyradicals,  disintegrated 

with  the  formation  of  NO2,  such  a  picture  of  the  process  was  not  able  to  be 

given.  Apparently,  at  the  present  only  with  the  well-grounded  proposal, 

logically  explaining  both  this  fact,  and  also  the  totality  of  remaining 

referring/ 

experimental  data,/ to  the  second  stage  of  disintegration  of  polynitrites, 
is  the  assumption  about  the  fact  that  the  latter  is  hydrolyzed  on  the  wall  of 

■4 

the  vessel  in  a  film  covering  it  with  difficulty-volatile  products  of 
deccanpoaiti.''n.  The  nitrous  acid  formed  with  this  is  quickly  disintegrated  with 
the  formation  '"f  *^itrogen  peroxide,  which  also  ensures  passage  of  the  reactions 
of  oxidation,  3ra.eiju  =  ng  organic  acids  and  carbon  dioxide  detected  in  the  final 
products . 

The  ar-'-  option  concerning  the  react; ion  on  the  second  stage  of  decomposition 
of  polynitrites  is  vrall  coordinated  with  the  easy  hydrolyzing  ability  of  esters 
of  nitrous  acidj  a  well-kno-^  phenomenon  and  long  ago  described  in  literature 


The  reaction  of  nitrite  hydrolisis  can  be  represented  in  the  fora 

RONO+HPC  RCH+WNO 

and  besides  the  molecule,  just  as  during  thermal  disintegration,  breaks  t.he 

bond  0  -  NO  /"lS__7,  reaction  is  catalyzed  by  acid,  and  the  speed 

of  acid  hydrolisis,  as  well  as  the  initial  speed  of  thermal  disintegration,  upon 

is 

transition  from  the  lowest  members  of  the  series  to  the  highest/rhcreased  ^8 J ^ 

It  is  possible  to  consider  that  in  an  even  larger  degree  it  is  increased  at 
transition  from  mononitrites  to  polynitrites.  This  is  indicated,  for  example, 
by  the  extremely  low  stability  of  the  latter  at  usual  temperatures,  incompatible 
iwlth  the  comparatively  small  speed  of  their  thermal  disintegration  at  increased 
temperatxires .  Indeed,  glycoldinitrite  almost  completely  is  decomposed  upon 
accumulation  in  air,  being  colored  dark-green  (HNO2),  for  the  duration  of  three 
I  to  six  days,  g]ycerine3rinitrite  -  for  the  duration  of  two  to  three  days, 
whereas  ethylnitrito  and  other  mononitrites,  inasmuch  as  it  is  possible  to  judge 
iby  literary  data,  can  be  kept  in  darkness  for  a  very  prolonged  time  . 

I 

I  An  analogous  picture  is  observed  during  the  action  of  water,  idiich 
j decomposes  dinitrite  of  ethylene  glycol  before  the  eyes  and  especially  trinitrite 
!of  glycerine,  but  relatively  slowly  reacts  with  ethyl  -  or  propyl  nitrites. 


If^srdrolytic  reactions  obviously  play  significant  a  role  also  at  high- 
temparature  liquid-phase  disintegration  of  esters  of  nitrous  acid.  The 
results  of  certain,  unfortunately  not  ijiany  verified,  works  on  deccanposition 
of  nitrites  in  liquid  phase  /”31_7j  ^  easily  explained  with  this 

assumption. 
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Fig.  28.  Disintegration  of  dinitrite  of  1.4  -  butyleneglycol. 
a  ~  at  170^’  and  p  «  370  mm  Hg,  b  -  at  ISC'"  and  =  406  mm  Hg. 

1  -  in  coordinate?  P  -  T>  2  -  in  coordinates  w-  T. 

(a)  minutes. 

ethylene/ 

Obviously,  the  transition  frcsn  alkylmononitrites  to  dinitrite  glycol 
and  trinitrite  of  glycerine  increases  not  only  and  not  so  much  the  speed  of 
thermal  disintegration,  as  much  the  speed  of  hydrolysis  of  nitrite^  It  is 
possible  to  consider  than  an  essential  role  with  this  is  played  not  only  by  the 

increase  of  quantity  of  nitrite  groups  in  a  molecule,  but  also  by  the  fact  that 

these  groups  are  located  in  series  with  each  other.  If  this  last  assumption  is 
correct,  then  the  disconnection  of  nitrite  groups  in  a  molecule  of  polynitrite, 
for  example,  by  CH2 -groups,  has  to  decrease  the  role  of  reactions  of  the  second 
stage  during  thermal  decomposition  of  the  ester. 


. . 

With  this,  the  introduction  of  a  second  nitrite  group  in  a  molecule  in 
which  there  already  is  one  such  group,  apparently,  is  more  effective,  than 
introduction  of  a  third  -  ONO  group  with  the  two  already  available. 


In  order  to  check  the  validity  of  this  conclusion,  we  conducted 

1 

experiments  on  disintegration  of  dinitrite  of  1.4-butylena  glycol  ,  It  turned 

out  that  decomposition  of  this  formation  at  150  -  190®  basically  occurs 

Analogous  to  disintegration  of  dinitrita  of  ethylene  glycol  dinitrita  and 

trinitrite  of  glycerine  with  only  that  difference  that  at  its  second  stage  with 

the  usual  initial  concentrations  of  the  tested  substance  in  the  reaction  vessel 

becomes  clearly  expressed  not  at  180®,  as  in  the  case  of  ethylene  glycoldinitrite  , 

and  only  at  150®  (see  Fig,  28),  i.e,  its  “specific  weight"  in  the  process  of 

decanposition  is  considerably  less  than  during  disintegration  of  ethylene  glycot- 
2 

dinitrite  .  It  is  necessary  especially  to  emphasize  with  this  that  the  speed 
of  strictly  thermal  disintegration  of  a  molecule  upon  transition  fiCi"  1.2- 
ethylene  glycoldinitrite  to  1,4-butylsne  glycoldinitrite  almost  does  not 
change.  Let  us  note  also  that  at  280  -  300®  1.4-butylone  glycoldinitrite  (in 
contrast,  for  example,  to  1.3-butylene  glycoldinitrite)  is  decamposed  without 
the  formation  of  NO2  Z”32_7,  and,  consequently,  the  possibility  of  appeEirance  r>f 

a  second  stage  due  to  accumulation  of  nitrogen  peroxide,  formed  as  a  result  of 

i 

I 

i  disintegration  of  the  hydroxyradical,  is  absent  in  it. 

I 

I 

i  Eaters  of  Nitric  Acid 

'  The  results  of  the  above  described  investigations  allow  to  make  certain 
^  assumptions  concerning  the  mechanism  of  thermal  disintegration  of  nitro  estei ^ . 

The  Hwohanism  of  thermal  disintegration  of  alkylmononitrates  near  200' , 
based  on  rtumrous  investigations  of  pyrolysis  of  nitro  esters  the  main  ones, 

UJ,  CW.  [KXJ.  c^j,  raj)  y^kylmononitri  ieij 

'  ^These  es^r&nts  were  conducted  by  V.  G.  Khotin. 

^It  i@  possible  that  methylene  groups  decrease  specific  gravity  of 
reactions  of  the  second  stag®  of  disintegration  not  only  in  that  case,  when 
are  introduced  between  ONO  groups,  Clarity  in  this  question  could  be  introduced 
by  studying  the  thermal  disintagration,  for  QxiMTiple,  of  2,  3-butylen0  glycol 
dint trite. 


and  oxidation  of  aldehydes  by  nitrogen  peroxide  present  can 

be  represented  in  the  form  of  the  following  main  reactions 


RCH,ONO,  RCH,0.  -f  NO, 

-*  R*-|^CH,0 
RCH,0-  +  NO  RCHjONO 
RCH,0*  -f  NO  ->  RCKO+NOH 
RCHO,  CHiO-j-NO,  NO.  CO.  CO„  HjO 


and  other  products. 

\ 

2NOH  N,0+H,0. 

It  is  possible  to  assume  that,  inasmuch  as  the  transition  from  mononitrites  to 
polynitrites  is  not  accompanied  by  an  essential  change  of  the  mechanism  of  the 
first  stage  of  disintegration,  the  main  reactions  of  the  initial  stages  of 
decomposition  of  polyAitrates  also  will  be  analogous  to  the  above  mentioned  for 

I 

mononitrate.  In  the  case  nitroglycol  there  could  be  the  following  reactions: 


CH,ONO,  CHjO* 

I  L  +nd, 

CHjONO,  CHPNO, 

CHjO-  ^ 

j  4  2CH,0-f  NO, 

CHjONO, 

CH,0-f  NO,-^  NO.  CO,  CO„  H,0 
CH,0.  ,  CH,ONO 


in, OHO, 
CH,0 


-fN0  4 


i 


H,ONO, 


*  CHP 

I  -  4.N0  4  j  4-NOH 

aijONO,  CHiPNO, 

2NOH N,0-f  HP 

and  so  forth. 

Based  on  the  results,  obtained  during  the  study'  of  disintegration  of 
dinitrite  of  ethylene  glycol,  it  may  be  concluded,  that  the  disintegration  rate 
of  the  hydroxyradical  (k^)  in  the  case  of  nitroglycol  obviously  will  be  A'arger 


a. 


than  in  th«  cas«  of  ethyl  nitrate,  but  the  relatipnehip  of  constants  of  speeds 
of  reactions  and  k2,  apparently,  will  change'  not  in  favor  of  f wroation  of  the 
nitrite-nitrate . 

'  Investigations-  of  thermal  disintegration  of  nitroglycol  vapors,  conducted  in 
the  laboratory  of  the  Moscow  Chemical-Technological  Institute  named  after  D.  I. 
Mendeleyev  C^Jt  Z~^I7j  C^J  others  confirm  this  laechanism. 

’The  disintegration  rate,  just  as  in  the  case  of  mononitrates,  does  not  depend 
on  initial  concentration  of  nitrate,  the  activation  energy  of  disinte^ation  (35 
-  36  kilocalories  mole)i8  near  to  the  value  of  it  for  mononitrates,  the  gaseous 
products  of  disintegration  contain  NO2,  NO,  CO2,  CO,  N2J  upon  addition  of  nitric 
oxide  in  the  products  is  detected  N2O  /”ipJ7.  During  decompoeition  water 
formaldehyde  and  oxalic  acid  will  be  formed  also*  Upon  addition  of  nitric  cadde 
the  initial  speed  of  gas  formation  at  I70®  decreases  (Fig.  29),  and  besides  the 

I 

'Character  of  its  dependence  on  concentration  of  NO  is  the  same,  as  during 
!  ^ 

I  disintegration  g2ycol^^dini trite.  On  subsequent  stages  of  disintegration  the 

addition  of  NO  does  not  have  any  influence.  At  a  lower  tejxperature  (150®^  C^J 

the  addition  of  NO,  Just  as  in  the  case  of  decomposition  of  e-bhylnitrate  in  a 
area/ 

determined/  of  conditions  /~14_7,  C^J  does  not  affect  the  initial  speed  of 
gas  formation,  but  significantly  decreases  the  disintegration  rate  on  thq  middle 
stages  (Fig.  30). 

It  is  interesting  to  note  that  at  temperatures  below  17O®  the  dependence  of 
speed  of  gas  formation  during  disintegration  of  nitroglycol  on  time  has  a 

I 

maximum,  the  position  and-nagnitude  of  which  do  not  depend  on  concentration  of 
I  nitroglycol This  phoncanenon  could  have  been  possible  to  explain  by  the 
developiflent  of  oxidising  reactions,  the  role  of  which  has  to  increase  by 

'measure  of  accumulation  in  products  of  disintegration  of  nitrogen  peroxide  and 

i 

I  organic  substances. 

I 
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Fig.  29.  InTlufince  of  NO  on  disintegration  of  nitroglycol  at  170® 
a  -  change  of  speed  of  gas  formation  in  ti^  at  (initial  concentration 
of  nitroglycol)  and  p  NO:  0  -  157  and  0;  +  -  I96  and  14;#-  I60  and  50  mm 
Hg.:  b  -  change  of  initial  disintegration  rate  upon  addition  of  NO. 

1)  minutes;  2)  mm  Hg. 

However  in  this  case*  the  magnitude  and  position  of  the  maximum  obviously  had  to 

depend  oi:  initial  concentration  of  nitrate.  Inasmuch  as  such  a  dependence  is 

not  observed,  it  is  possible  to  assume  that  acceleration  of  gas  formation  is 

connected  with  accumulation  and  subsequent  decomposition  of  intermediate  products 

aldehyde/ 

of  disintegration  of  nitroglycol,  for  example,  nitrate  of  glycol/ or 

nitrite-ritrato  of  glycol.  In  this  case  the  independence  of  speed  of  the 

reaction  on  concentration  of  nitrate  is  more  explicable.  A  decrease  of  this 

effect  with  an  increase  of  temperature  and  complete  disappearance  of  it  at  170® 

would  have  been  possible  to  connect  with  the  fact  that  the  role  of  reactions  of 

formation  of  saturated  mononitrates  at  a  temperature  increase  decreases  and  even 

a  greater  part  of  the  hydroxyradicals  breaks  up  into  formaldehyde  and  NO^,. 

precisely/  ^ 

Maybe /therefore  in  the  case  of  nitroglycerine,  the  disintegration  rate  of 

the  hydrcocyradicals  df  which  undoubtedly  is  significantly  higher  than  nitrate  of 

glyoxyl  (CH20N02CH20*)^  the  maximum  on  curve  w  *=  f  (^T)  during  disintegration  of 

NG  in  vapors  is  not  observed,  and  the  dependence  of  speed  on  time  for  it  at  all 

temperatures  in  the  range  140  -  I60®  is  described  by  curves  of  the  form. 


dapictfd  in  Fig.  29,  a  . 

Apparently,  in  the  case  of  nitroglycerine  of  reactions,  lei^ng  to  tiie 
formation  of  nitrites,  just  as  other  reactions  of  hydrcasyriwiicals.  tfdth  NO,  play 
si”l  a  smaller  role,  than  during  disintegration  of  nitroglycol.  Poimtidh  <>f 
significant  quantities  of  nitrites  during  disintegration  of  nitrojglyceririe  and. 
nitroglycol  is  prevented  also  by  the  circumstance  that  these  nitrites  are 
easily  decomposed  by  water,  which  always  will  be  formed  diuring,  disintegration  of 


f 


Fig.  30.  Influence  of  nitric  oxide  on  disintegration  of  ethylnitrate  at 
18P  and  nitroglycol  at  ISO'^^  (according  to  the  data  of  M.  S.  Plyasunov 

a  --  ethylnitrate  at  p  (concentration  of  nitrate)  and  ^0  :  1  -  333  ard 
0;  2  -  342  and  480 j  3  -  247  end  435  mm  Hg  b  -  nitroglycol  at  p  and 
•  :  1  -  120  and  0;  2  -  II6  and  214j  3-123  and  631}  4-75  sM  433  mm 
Ng*  4  P  “  P  ”P>>to  Break  in  experiment. 


If hTa^^ee "of  a  maximum  of  speed  in  the  case  of  mononitrates  is  possible 
also  to  explain  by  the  excessively  small  disintegration  rate  of  alkylmoninitrites 
—the  main  intermediate  products  of  deccanpoaition  of  mononitro  esters. 


V 


The  above-stated  considerations  are  coordinated  with  results  of  a  recently 
published  paper  by  Storing,  investigating  disintegration  of  nitroglycerine  at 
140  -  160®  with  the  help  of  an  infrared  spectroojeter  detected 

that  the  disintegration  rate-  of  vapors  of  nitroglycerine  is  subordinated  ty  an 
equation  of  a  reaction  of  the  first  order  and  decreases  in  the  presence  of 
nitrogen  peroxide.  No  bands  of  absorption  of  nitrites  in  the  spectrum  of 
products  of  disintegration  are  detected.  The  displacement  of  frequencies  of 
the  0N02-group  in  the  process  of  disintegration  also  is  not  observed;  in  Waring’s 
opinion,  this  confirms  the  great  disintegration  rate  containing  a  nitrate  group 
of  intermediate  products.  The  mechanism  of  disintegration,  offered  by  this 
investigator,  is  analogous  to  that  described  above  for  nitroglycol  taking  into 
account  the  already  mentioned  changes  in  speeds  of  separate  reactions. 

It  is  necessaiy  to  note  that  Waring  considers  the  reaction  of  disintegration 
of  nitroglycerine  vapors  to  be  homogenous.  This  contradicts  the  results, 
obtained  by  other  investigators  /~2_7,  /~11_7,  Some  of  these  results 

are  depicted  in  Fig.  31  (see  In  spite  of  the  fact  that  the  curves, 

shown  in  Fig.  31j  are  obtained  by  the  manometric  method,  the  distinction  in 
speeds  of  the  reactions  in  vessels  without  capillaries  and  with  them  is  so  great 
that  to  doubt  in  significant  heterogeneity  of  disintegration  of  nitroglycerine 
is  hardly  possible.  Incidentally,  disintegration  of  nitroglycol,  as  follows 
for  example  from  Fig.  32,  taken  from  the  same  work  /~12_7,  is  a  considerably 
homogeneous  reaction. 


Fig.  31«  Influence  of  filling  of  the  reaction  veeeel  with  glass 
capillaries  on  disintegration  of  nitroglycerine  vaporat  at  lij.O" 
(according  to  N.  A.  y-..h»vykh 

(n/v  g/cin5)*lCr  and  s  1  -  0.4  and  2000;  2  -  0.5  and  lOOOj 
3  -  0.5  and  1000 j  4-0.7  and  1000;  5-0.5  and  100;  6  -  0.8 
and  Ido.  a)  With  filling;  b)  Without  filling;  c)  minutes; 

d)V%^  . 


Fig.  32.  Influonce  of  surface  on  disintegration  of  nitroglycol 
V-apors  atol60®,  (according  to  N.  A,  Meahevykh 

(ffi/v  g/cm-^)  10^  and  s  cm'^:  1  -  6.3  and  100  (vdthout  filling);  i 

2  -  5.5  and  700  (glass  capillaries);  3  -  5.6  and  7-000  (glass  I 

cotton);  4  -  9*2  and  ^0,000  (quartz  sand).  j 

i  .  .  V  n  cm  I 

,  a)  minutes;  b)  V  ^  j 

;  '■  i 

It  is  known  that  dm-ing  disintegration  of  polynitratei  in  liquid  phast  is  I 

I  i*  “  ' 

■  great  and  upon  lowering  of  temperature  an  ever  increasing* role  is  played  by 
;  hydrolytic  reactions.  Hydrolysis  of  polynitrates,  just  as  hydrolysis  of  nitrites. 


V 


I 

I 


in  the  presence  of  ecid  is  considerably  accelerated.  It  is  possible  to 

assuxfie  that  the  speed  of  hydrolytic  reactions  and  possibly  the  catalytical 

action  on  them  of  acids  *is  increased  upon  accumulation  in  a  molecule  only  of  OKO^ 

but  also  of  0Np2-^roupa,  Their  neighboring  location  may  also  be  especially 
1 

effective. 

It  is  probable ;  in  a  significant  de^ee  namely* these  circumstances,  and  not 

an  increase,  as  this  still  is  sometimes  considered,  the  "lability"  of  the 

molecule  or  decrease  of  activation  energy  of  its  disintegration  is  explained  by 

the  essential  lowering  of  chemical  stability  upon  accumulation  in  a  series  of 

nitro  esters  vdth  an  increased  number  of  nitrate  groups  (upon  transition  from 

aikylniononitrates  to  nitroglycol,  nitroglycerine,  erythrite  tetranitrate  and 
2 

so  forth). 


Conclusions 

Thermal  disintegration  of  alkylmononitrites  in  the  gas  phase  near  200®  was 

I 

studied  by  many  investigators  and  represents  a  relatively  simple  reaction,  the 
main  stages  of  which  are  the  reversible  breaking  of  the  bond  0  -  NO,  the 
interaction  of  nitric  oxide  with  a  hydrootyradical  with  the  fonnation  of  a 
nitroxyl  and  carbonyl  derivative  and  disintegration  ct  the  hydroxyradical. 

Gasphase  thermal  disintegration  of  dinitrite  of  etliylene  glycol,  studied  by 
us  at  120  -  190®  and  initial  concentre,tion  of  50  -  1000  mm  Hg,  is  more  complicated 
and  Includes  at  least  two  macroscopic  stages .  The  proximity  of  activation 
energy  of  disintegration  of  this  compound  to  magnitudes,  obtained  for 

^It  is  necessary  to  note  that  the  speed  of  hydrolytic  reactions  in  a 
number  of  cases,  apparently,  can  be  considerably  increased  with  the  accumulation 
in  a  molecule  of  not  only  nitrites  or  nitrates,  but  also  nitro  groups. 

^Another  important  factor,  leading  to  a  decrease  of  chemical  stability 
with  an  increase  of  the  quantity  of  ONO^-groups  in  a  molecule  of  nitrate,  is 
accumulation  during  disintegration  of  nitro  eotors  rich  in  oxygen  of  significant 
quantities  of  higher  oxides  and  acids  of  nitrogen,  leading  to  a  significant 
increase  of  the  speed  cf  the  reactions  of  oxidation,  the  products  of  which  in 
turn  participate  in  hydrolytic  reaction  Z”l5j7.  •  • 

4. 


i|ehenitrit«t>  tho  ihfXiMhct  of  nitrid  ^a^d*  on  t^d,  tha  ;Hoiip|tnf ity, 
f onafttion  of  NO,  N2O  ind  CH^O  and  aavtral  othar  facts  allow  ^to<  aasums  that  th« 
sMi.chanism  of  thf  first  stags  of  disintsgration  of  this  dihltrita  is  analogous  to 
ths  nschanism  of  disintsgration  mononitritss . 

Rsactions  of  ths  second  stage  hays  a  sslfraccslsratsd  in: . significant 

I 

I  dsgrss  hstsrogsnsou?  character  and  their  "specific  gravity"  considerably 

I 

increases  vdth  an  increase  of  concentration  of  dinitrite  aM  lowering  of 
temperature  of  the  experiment.  The  influence  of  vaiter,  containing,  acid  of 
difficulty-volatile  products,  the  formation  of  nitrogen  peroidde  and  Carbon 
dioxide  and  several  other  facts  can  be  explained,  assuming  that  at  the  basis  of 
the  second  stage  of  disintegration  are  reactions  of  hydrolytic  character^ 
occurring  on  the  vail  of  the  reaction  vessel  in  a  fine  f ila  of  products  Condensed 
on  it. 

Thus ,  an  increase  of  the  number  of  ONO-groupe  in  a  molecule  of  nitrite  .from 
one  to  two,  comparetively  little  increasing  the  speed  of;  thermal  disidte^atioh 
^  of  the  molecule,  considerably  increases  the  speed  of  hydrolytic  reactioh8> 

I  making  them  possible  even  during  disintegration  of  nitrite  in  vapors  at  very 
high  temperature. 

Trinitrite  of  glycerine  in  gas  phase  at  100  «  I60®  is-  decomposed  anaiogous 
to  glycol^dinitrite ,  Disintegration  of  it  is  also  distage,  and  the  influence  of 
temperature,  concentration  of  nitric  oxide,  water  and  condensed  products  of 
disintegration,  the  increase  of  surface  and  other  factors  throughout  these 
stages  is  satisfactorily  described  by  a  diagram,  analogous  to  that,  which  is 
I  offered  for  glycoljiinitrate . 

The  speed  of  breaking  the  bond  O-NO  in  glycerine  trinitrite  is  several 
times  greater  than  in  ethylene  glycol  dinitrite,  and  the  difference  in  speeds  of 
rstctions  of  the  second  stage  is  even  greater. 


f 


i 

i 


i 
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Certain  results  of  experiments  vdth  dinitrite  of  I.4  -  butylene  glycol 

*  •  .’  h 

Ws 


^  that  tht  ipiitting  of  ONO-groups  in  poi^itrataa  vdth  OH2  -  group* 

hardly  influenc«s  th«  speed  of  disintegratiorij  but  noticeably  decreases  the 
tendency  of  the  process  towards  self "acceleration,  evidently^  lowering  the 
speed  of  reactions  of  polynitrite  with  water. 

On  the  basis  of  results  obtained  in  the  study  of  disintegration  of 
pol^itrites,  certain  conclusions  were  made  with  respect  to  the  mechanism  of 
thermal  disintegration  of  nitro  esters. 
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Chapter  2  Article  No,  22 
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Yu,  Ya,  Maksimov 

22,  Thermal  Disintegration  of  Vapors  of  Nitro  Derivatives  of  Beeizene 

The  stability  of  polynitro  ccopounds  of  the  aromatic  series  in  comparison  vdth 
explosives  of  other  classes,  for  example,  nitro  esters  is  very  great.  In  connection 
with  this  the  study  of  thermal  disintegration  of  nitro  compounds  until  recently  was 
given  little  attention}  any  detailed  investigations  of  thermal  disintegration,  how¬ 
ever,  are  not  very  numerous,  and  are  in  literature  only  for  trinitrotoluene. 

lately  in  corjnection  with  the  arising  necessity  of  the  petroleum  industry  for 
explosives,  able  for  a  long  time  to  sustain  relatively  nigh  temperature,  questions 
of  thermal  disintegration  of  nitro  compounds  took  on  practical  interest. 

So  that  the  search  of  such  explosives  is  conducted  more  well-grounded,  than 
this  was  done  to  this  time,  it  is  expedient  to  establish  certain  regularities,  con¬ 
necting  the  peculiarities  of  thermal  disintegration  of  nitro  compoimds  with  their 
chemical  structure  and  state  of  aggregation  of  the  substance.  As  one  of  the  first 
investigations  in  this  direction  there  was  also  a  study  of  thermal  disintegration 
of  vapors  of  -dtro  derivatives  of  the  simplest  aromatic  compound  of  benzene.  The 
results  of  this  invest- Ration  are  presented  in  this  article. 

Experimental  Part 
Substances  and  Methodology 

Mononitrobenzene .  The  fraction,  liberated  from  a  technical  product  by  means 
of  double  distillation  in  a  vacuum.  Temperatore  of  hardening  is  5.4  ~  5.5°,  boil¬ 
ing  point  at  760  mm  Hg  is  210,5®. 

1.3'-dinitroben..ene.  Techpical  product  was  subjected  to  double  recrystal3iza- 


tion  from  acetone  and  single  frm  ttgtthsnol,  Tsmpsrmtnre  of  iwlting  !•  89*5  90.0^, 

boiling  point  at  760  an  Hg  i«  300®. 

1«3» 5~trinitrob<Birig«ttg,  Tranaparmt  Indnar  crTstals  of  grooniah  ahadt,  obtain- 
od  with  doubla  recrTstaXliaatlcwi  of  Xaboi^tor^r  product  fron  ethanol*  faaperatura  of 

j  iseXting  is  122*0  -  122.5^* 

i 

? 

fhaznal  deoamposition  of  thssa  nitre  cenpounds  was  studied  bgr  ths  aanonatric 
method  in  a  glass  vessel  of  cylindrical  fozn  20  -  25  (smt  in  volins  with  a  glass  anno- 
meter  of  the  Bourdon  type  /fl_7*  Residual  air  pressure  in  the  vessel  before  the  exf 
periment  was  lO'^r  10*^  on  Hg.  Deconposition  was  conducted  in  a  Uiermostat,  filled 
with  li<piid  tin.  Temperature  in  ths  themostat  was  maintained  constant  with  fluctua¬ 
tions  within  the  limits  of  40*5®.  In  the  process  of  disintegration  the  pressure  in 
the  vessel  was  measured*  According  to  theee  data  curves  p  *  (  r)  were  constructed 

then  by  graphic  differmitiaticn  of  ipdiich  the  change  of  the  dleinti^pration  rate  in 
time  was  obtained. 

Results  of  Ix^riments 

} 

Kononitrobensene 

The  speed  of  growth  of  pressure  during  themal  deeempositien  of  vapore  of  nltro- 

'  bmisene  decreases  in  time  (fig.  X).  The  total  increase  of  preeeure  at  the  md  of 
disintegration  in  the  range  of  tamperaturee  395  -  in  which  was  the  most 
omvenient  to  study  decemposition,  ie  170  -  200$  in  reference  to  initial  pressure 

I  of  vapore.  Almost  from  the  very  beginning  of  the  asqptrimsntSi  on  the  walls  of 

I 

’  the  reaction  vessel  a  brown  deposit  will  be  fomsd*  Ihe  intwisity  of  color  of 

i 

I  which  is  increased  by  measure  of  the  course  of  disinteg:i'ation«  In  addition  to 

I 

I 

;  this I  on  the  later  stages  of  deoompositicsi  ie  observed  also  precipitation  &i  the 
bottom  of  the  vessel  of  a  finely-diepereed  powder  of  dark»»|Siiy  color* 

From  the  data,  showr)  iri  fig<  Xj,  it  is  clear  that  the  initial  sptad  of  gas 
fosmticci  depends  on  c<mo«ntration  of  the  substance  (initial  i^tssurt)*  The  speed 
of  the  reactiem  at  small  initial  prissurts  q(uickly  p'ows  with  the  initial  oonoen- 
tration  of  the  substance,  and  th^  ^is  growth  is  delayed*  An  influxes 


is  rendsrsd  by  initial  pressure  of  vapors  on  the  character  of  speed-tiae  curves. 

At  email  initial  pressures  the  rate  of  fall  of  speed  of  gas  formation  diminishes  by 


measure  of  the  course  of  diaintegrati<»i.  Fran  the  beginning  and  to  the  end  of  de- 
ccmposition  the  speed  in  this  case  decreases  according  to  la*f  of  a  reaction  of  the 
first  order.  S  ^  »!- 


m  m  *00 

if»m»  K  mtui 


Fig,  1.  Thermal  disintegration  of  mononitrobenzene  in  vapors  at  415®» 


a)  Change  of  relative  velocity  of  gas  formation  in  time  at  different 

initial  pressure  of  nitrobenzene  vapors 

N  curve  1  2  3  4  5 

Po  mm  80  204  575  1150  1000. 

s/v  cm“^  2  2  2  2  20 

Here  and  further  in  fig.  2  and  3  s/v  -  the  ratio  of  total  surface  of 
glass  to  free  volime  of  vessel;  -  initial  pressure  of  vapors  of 
nitro  ccmpound  in  mm  Hg. 

b)  Dependence  of  constant  of  speed  on  initial  pressure  of  vapors. 

1)  Relative  speed  of  gas  formation;  2)  min;  3)  Constant  of  speed 
of  reaction;  4)  Initial  pressure;  5}  Time  r  minutes;  6)  p^  am  Hg, 


With  an  initial  pressure  of  vapors  more  than  500  mm  Hg,  the  speed  of  gas  formation 
on  the  initial  stage  falls  more  slowly  than  on  the  succeeding  one,  and  on  a  curve 
an  infleDdon  point  is  observed  (curves  3  and  4  fig.  1,  a). 

Proceeding  from  the  assumption  that  the  peculiarities  of  disintegration  of 
nitrobenzene  can  be  connected  vdth  the  process  of  a  heterogcarous  reaction  on  glass, 
we  conducted  experiments,  in  idiich  the  surface  of  the  glass  was  enlarged  by  filling 


th«  Y«9«tl  with  cApillu^  tubes  (curre  5  ti&»  !#*)• 

If,  eccordijAg  to  the  tioipei'ature  depend«ice  of  ijsitisl  speed  of  dlsihtei^tion 
(angle  of  incline  of  initial  secticsi  of  curves  p»>i^(‘r))ata  pressure  of  pononi- 
trobenxene  vapors  of  400  -  500  sift,  1  is  detendned  (fig.  4)>  then  the  constant  of 
speed,  calculated  for  a  reaction  of  the  first  order,  is  expressed  1:^  the  equation 


Qinitrobensene 

Therual  decomposition  of  1.3-dlnitrobensene,  studied  in  the  range  of  tofq^era- 

tures  345  -  410^  and  with  a  pressure  of  vapors  of  200  •»  600  mi  Kg,  as  can  be  seen 

from  the  curves  in  fig.  2,  occurs  with  the  acceleration  of  gas  fonaation. 

dsfioei^ 

The  appearance  on  a  glass  surface  of  brown/and  dark^gragr  powder  on  the  bottcm 
of  the  vessel  as  a  result  of  disintegration  of  dinitrobensene,  ie  qualitatively' 
sisdlar  to  observations  dviring  thermal  decomposition  of  moncnitrobensmie.  In 
addition  during  disintegration  of  dinitrobensene,  as  also  of  two  ether  nltro  cemr- 
pounds  of  benzene,  a  certain  quantity  of  products  condensed  at  room  tMqxm^ture  will 
be  formed.  In  all  experiments  with  dinitsrobensene,  upon  opening  the  reaction  veesel 
a  strong  odor  of  bitter  almonds  was  detected.  The  total  ejuantity'  of  gteiM,  formed 
during  disintegratiem,  constitutes  nearly  3  moles  per  mole  of  eubetenoe. 

Curves  p  ^ depicted  in  fig.  2,  show  that  an  increaee  of  initial  eoii» 
centrstion  of  vapors  in  two  ways  affects  disintegration.  On  the  one  hand,  the 
grewth  of  initial  pressure  of  vapors  to  a  certain  liadt  (at  395^  nearly  300  mi  Hg) 
increases  the  Initial  speed  of  gas  formation,  analogous  to  the  Boncnltro  derivative 
observed  during  decompositiem.  However,  the  magnitude  of  maxlMai  pressure  in  the 
case  of  dinitrobmAzene  is  si^aificantly  less.  On  the  other  hand,  an  increase  of 
concentration  in  the  entire  studied  range  of  pressures  leads  to  a  growth  of  the 
maximum  of  speed.  The  dependence  of  the  maximum  speed  of  gas  fozaation  on  initial 
jm-essui^  at  395*  is  well  described  by  the  ©qaatioa 


Vg'/ 


(2) 


the  speed  of  growth  of  ^assure  is  expressed  in  ao/isin*  and  iidtlal  pressure 


>  in  mu  Hg. 


Fig,  2.  Change  of  relative  velocity  of  gas  format ioi  in  time  in  the 
process  of  decomposition  of  1.3-dinitrobenzene  in  vapors  at  395°  and 
different  initial  pressure. 


a)  minj  b) 

Relative  velocity  of  gas  formation^ 

c)  Time  minutes. 
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Increase  of  the  glass  surface  by  10  times  leads  in  distinction  from  mononitro¬ 
benzene  to  the  growth  of  speed  in  the  first  half  of  disintegration  (curve  5  fig.  2). 
The  isaximum  of  speed  in  this  case  is  greater^  and  the  stage  of  its  fall  occurs 
earlier,  tiian  in  experiments  without  filling  the  vessel  with  glass  tubes.  The 
pressure  of  gaseous  products  in  the  eni  of  d0coeipositi<m  just  as  in  the  case  of 


skmonitrobansene,  with  an  increaaa  of  tha  glasa  surfaca  bacowit  noticaab]^  lata. 

The  constant  of  speed  of  the  reaction  of  the  first  order  is  caXeulatad  on  the 
initial  stage  of  disintegration  of  dinitrobwisane  in  a  studied  area  of  taaparaturas 
at  a  pressure  of  vapors  550  -  750  am  Hg  bf^r  the  sane  method  as  in  the  case  of  mononi* 
trobensene  (see  fig.  4)*  The  depandmics  of  the  constant  of  speed  on  tanperature  is 
e3q)ressed  by  aquation 

•  •  •  «  » 

ctKr'  (3) 

•9if  ; 

0  • 

with  an  increase  of  tenperature  (see  table)  can  be  explained  by  the  fact  that  the 
speed  of  secondary  reactions  depmids  on  tmperature  In  a  leaser  degree^  than  the 
speed  of  reactim  in  the  beginning  of  the  process.  Itie ’sMudjnsi  speed  of  gas  for~ 
mation  is  attained  indep«Kient  of  the  teaperature  of  the  experixent  at  a  pressure, 
constituting  55  -  60515  of  its  final  value. 

Table 

Acceleration  of  Gas  Fonaation  During  Decoaposition  of  1.3>*Ddnitrob^ene 
_ _ _ and  1.3.5««Trinitrobengene  Vapors 
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1)  .l.3-dinitrob©na«nej  2)  1.3.5-trinitrobenji5enej  3)  Texperatuife  ®Cj 
4;  Initial  pressure  of  vapors  m  Hgj  5)  Magnitude  of  acceleration 


*rinitroben»ene 


Decomposition  of  1.3.5-trinitroben*«me  in  vapors  was  studi<Ki  in  the  range  of 
temperatures  270  -  355°.  It  is  characteriaed  sharply  expressed  acceleration  of 


gas  forJBati<xi  in  tijae  (fig.  3).  Judging  by  the  intensity  of  coloring  of  the  walls 
of  the  vessel^  the  total  quantity  of  a  substance  of  brcsm  color^  essanating  in  the 
fona  of  a  deposit  on  the  glass,  is  small  and  the  dark-gray  powder,  always  existing 
in  products  of  disintegration  of  mono-  and  dinitro-benzene  derivatives,  in  this 
case  was  not  detected.  The  quantity  of  gases  in  the  end  of  decomposition  consti¬ 
tutes  4  -  4.5  moles  per  mole  of  trinitrobenzene. 

In  a  wide  range  of  pressures  the  influence  of  initial  pressure  of  trinitrobenz- 


Fig.  3.  Change  of  relative  velocity  of  gas  formation  in  time  for 
decomposition  of  trinitrobenzene  in  vapors  at  312°  and  different  ini' 
tial  pressure. 


a)  Relative  velocity  of  gas  formation;  b)  min;  c)  time  r  minutes. 
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However  on  the  stage  of  acceleration  of  the  latter,  an  increase  of  initial  concen¬ 
tration  of  trinitrobenzene  leads  to  the  significant  gro'fth  of  the  disintegration 
rate.  At  a  fsressure,  not  too  near  to  the  elasticity  of  saturated  trinitrobenzene 
vapor,  at  various  t^aperatures  is  observei  a  direct  ratio  betwo^  the  of 


of  relative  velocity  of  gas  formation  and  initial  pressure  of  vapors  of  the  siiidied 
substance.  However  upon  approach  to  the  pressure  of  the  saturated  vapor,  the  aaxi- 
!  mum  disintegraticai  rate  of  trinitrobenzene  abruptly  is  increased^. 

In  a  general  case  the  maximum  speed  of  gas  formation  is  attained  in  the  studied 
range  of  temperatures  at  pressures,  constituting  49  -  of  the  final  pressures  of 
products  of  disintegration. 

With  an  increase  of  the  glass  surface  occurs  a  sharp  increase  of  the  disinte¬ 
gration  rate  in  the  initial  stage  arid  the  character  of  the  curve  p  *  ^  (r)  con¬ 
siderably  changes.  Thus  at  312°  (fig.  3)  an  increase  of  the  glass  surface  by  ten 
times  leads  to  proportional  growth  of  the  initial  disintegration  rate.  Further 
progress  of  the  latter  is  characterized  by  a  fast  monotonous  fall  of  speed  up  to 
the  end  of  decomposition. 


for  decomposition  of  vapors  of  nitro  derivatives  of  benzene. 

1  -  Mononitrobenzene,  2  -  dinitrobenzene,  3  ~  trinitrobenzene, 
a)  Constant  of  initial  disintegratioti  rate;  b)  log  k 
The  total  quantity  of  gaseous  products  in  this  case  is  10  -  less  as  compered 
vdth  experiments  without  filling  the  vessel  with  glass.  Application  of  quartz 
capillaries  and  broken  glass  instead  of  capillaries  did  not  change  the  general 

1.  Experiments  on  decomposition  of  liquid  trinitrobenzene,  the  results  of  which 
will  be  published  separately,  show  that  the  disintegration  rate  of  this  substance 
in  liquid  state  is  a  few  times  greater,  than  in  vapors. 


pdctupe  of  the  phenomenon »  Deccmp,3ition  in  a  vessel,  the  walls  of  which  ore  cover¬ 
ed  with  a  deposit  of  ohe  coiKiensed  products  of  disintegration  of  trinitrobenzene, 
did  not  lead  to  a  change  of  the  initial  speed  of  gas  fonnation. 

Determination  of  the  temperature  dependence  of  initial  speed  of  decomposition 
of  trinitrobenzKie  at  s/v  -  1  -  2  (fig.  4)  gave  speed  constants  expressed  by 
equation 

StMO 

*=10‘*^.e-Tr  ceK-> 


(4) 


A  decrease  with  the  growth  of  temperature  of  the  magnitude  ^max/o'c,  ,  the 
values  of  vdiich  are  in  the  table  (see  page  342),  indicates,  as  in  the  case  of 
dinitrobenzene,  a  weaker,  than  for  the  initial  reaction,  temperature  dependence  of 
the  speed  of  secondary  reactions,  determining  disintegration  on  the  stage  of  accel¬ 
eration. 


Discussion  of  Results 

Thermal  decomposition  of  vapors  of  mono-,  di-  and  trinitrobenzene  side  by  side 
with  distinctions,  stipxilated  by  the  peculiarities  of  cheniical  stioicture  (number  of 
NO2- Stroups  in  a  molecule),  has  a  number  of  common  traits,  inherent  to  the  disinte¬ 
gration  of  compounds,  which  contain  in  a  molecule  the  hand  C  -  N.  For  all  three 
substances  the  activation  energy,  determined  on  the  initial  stage  of  doccmposition, 
is  practically  identical  (difference  does  not  exceed  the  accuracy  of  determination) 
and  lies  withijs  the  lim'  s  of  51.9  -  53.5  kilocalories  mole  (fig.  4).  The  close 
conformity  of  the  obtained  magnitude  and  measured  earlier  activation  energy  of 
disintegration  of  nitromethane  (53.6  kilocalories  mole)  /~2__7,  >  indicates 

the  identity  of  the  primary  reactions  of  decomposition  of  these  substances.  In 
turn  the  activation  energy  of  disintegration  of  nitronethane  is  close  in  magnitude 
K  to  the  energy  of  the  borKl  C  -  N,  which  according  to  Cottrell  C^J >  C^J 
stitutes  52  -  57  kilocalories.  This  provides  a  basis  to  consider  that  disintegra- 


^^4 


Fig.  5>  Check  of  submission  of  disintegraticsi  of  aromatic  xiitro  co^ 
pounds  to  autocatalytic  law. 


1)  Condition  of  experiments;  2)  Temperature  ®C;  3)  Initial  pr««- 
sure  of  vapors  naa  Hg;  4)  Mononitrobenzene  (MNB)j  5)  Dinitrobenzene 
(aSB);  6)  Trinitrobenzene  (TNB). 

a)  min;  b)  MB;  c)  DKB;  d)  TNB;  e)  p^on* 

Another  characteristic  peculiarity  of  decomposition  of  nitro  derivatives  of 
benzene  is  the  dependence  of  the  constant  of  speed  of  initial  reaction  of  dectm- 
position  on  the  concentration  of  substance  in  volume.  Significant  at  low  pres¬ 
sure  of  vapors,  thi.s  dependence  gradually  decreases  with  an  increase  of  pressure. 

The  magnitude  of  limiting  pressure  (at  which  an  influence  of  initial  concentration 
on  beginning  speed  of  disintegration  already  is  absent),  is  sharply  decreased  with 
an  increase  of  number  of  N02-groups  per  molecule.  Thus,  limiting  pressure  for 
disintegration  of  mononitrobenzene  at  415°  is  approximately  300l«a  Hg,  In  decomposi¬ 
tion  of  trinitrobenzene  vapors,  minimum  initial  pressure  of  vapors  in  the  esqperi-x 
ments  (92  mm  Hg)  were  even  higher  than  the  limiting  pressure,  Ibcplanaticn  of  this 
liienomenon  by  a  change  of  the  mechanism  of  the  monomolecular  reaction,  as  this 

occurs  in  an  area  of  small  concentrations,  when  the  speed  of  the  prcHsess  is  deter- 

1.  However,  later  investigation  of  disintegration  of  nitroetbane  and  nitropropane 
indicated  that  pyrolysis  of  these  nitro  compounds  occurs  not  csaly  by  breaJd^  the 
C-N  bond.  The  American  investigators,  Hillenbrand  and  Kilpatrick  consider  that  in 
the  disintegration  of  nitromethane,  at  least  ;»rtially,  inteimoleculsr  regiwpisjg 
also  occurs  [j>J* 


minod  by  the  nissber  of  collisions  between  molecules,  and  the  transformation  is 
formally  subordinated  to  bimolecular  law,  scarcely  corresponds  to  reality.  For 
example,  for  aliphatic  hydrocarbons  with  a  number  of  carbon  atoms  in  a  molecule 
1,  2  and  3  pressure  of  vapors  of  the  substance,  with  which  occurs  such  a  change  of 
the  mechanism  is  significantly  less  than  what  was  measured  for  nitro  derivatives 
of  benssene  and  correspondingly  equal  to  100,  10  and  1  mm  Hg.  A  contradiction 
of  this  explanation  is  given  also  by  the  fact  that  decomposition  of  mononitro¬ 
benzene  with  small  concentration  is  subordinated  to  an  equation  of  the  first,  and 
not  the  second  order,  as  could  have  been  expected,  if  the  eisqjlanation  under  con¬ 
sideration  was  correct. 

On  the  whole,  thermal  decomposition  of  nitro  compounds  is  undoubtedly  an  ex¬ 
tremely  complex  ’  *0688,  including,  probably,  a  large  number  of  elementary  re¬ 
actions^*  Therefore  on  the  basis  of  results  of  only  one  kinetic  investigation, 
conducted  by  mancmetric  method,  it  is  impossible  to  judge  the  concrete  mechanism 
of  disintegration,  althougli  they  in  a  known  degree  also  allow  to  determine  the  tjrpe 
of  complicated  reaction.  Thus,  disintegration  of  all  three  studied  substances  on 
a  sd^iificant  section  (to  liberation  of  gases  in  a  quantity  of  50^)  follows  the 
autocatalytic  law 

(«  -  •’f)  +  (a  -  .t), 

(5) 

where  a  -  initial  quantity  of  substance,  x  -  quantity  of  decomposed  substance,  kj_~ 
constant  of  speed  of  moncmole''vlar  reaction  and  k^-constant  of  speed  of  autocataly¬ 
tic  reaction.  Fig.  5,  in  which  the  results  of  experiments  are  represented  in  coor- 
dp 

dinates  dx _ £_  ,  shows  that  the  experimental  points  are  well  arranged  in  a 

1.  .  It  is  sufficient  to  say  that  on  the  basis  of  kinetic  data  and  results  of  analy- 
ois  of  products  of  disintegration  of  _the  simplest  nitro  ccmipound  -  nitrcmethene — 
Cottrell  with  collaborators  /~A  7,  C  5_7  aUcw  during  deccsaposition  of  this  sub¬ 
stance  at  least  5  reactions. 


straight  line,  as  should  be  according  to  e^^oaticai  (5),  The  obtained  results  are 
coordinated  vdth  the  indications  available  in  literature  about  the  autocatalytic 
nature  of  decomposition  of  trinitrotoluen '  in  liquid  state 

kinetic  law  of  autocatalysis  is  observed,  as  follows  from  our  data,  for' the  duration 
of  a  significant  share  of  the  period  of  aeccmposition  and  during  disintegration  of 
nitro  compounds  of  benzene  in  gaseous  state. 

For  deccmposition  of  nitro  derivatives  of  benzene  in  vapors  the  influence  of 
surface  is  characteristic.  Increase  of  surface,  as  shew  the  obtained  results,  can 
appear  in  two  ways  to  influence  disintegxation.  On  the  one  hand,  it,  in  the  case  of 
decomposition  of  di-  and  trinitro  derivatives  leads  to  an  increase  of  the  speed  of 
gas  formation  on  the  initial  stage  and,  on  the  other  hand,  to  a  decrease  of  it 
almost  on  the  entire  extent  of  disintegration. 

The  accelerating  action  of  a  well-developed  glass  surface  on  decomposition 
is  developed  for  various  nitro  compounds  differently.  If  in  the  case  of  mononi¬ 
trobenzene  such  an  influence  practically  is  absent,  then  for  dinitrobenzen©  it  is 
already  well  noticeable,  and  in  the  case  of  trinitrobenzene  the  initial  speed  is 
increased  proportional  to  the  increase  of  the  surface  of  glass.  One  of  the  possi¬ 
ble  causes  of  the  different  influence  of  a  glass  surface  on  disintegration  of  three 
nitro  ccmpoiuids  can  be  the  fact  that,  due  to  the  distinction  in  them  of  boiling 
temperatures  the  relative  pressure  of  vapors  (ratio  of  vapor  pressure  in 

the  experiment  to  pressure  of  saturated  vapor)  for  various  substances  was  different. 
In  experiments  with  mononitrobenzene  the  relative  pressure  did  not  exceed  0.05,  -cr 
'.'initrobenzene  it  was  nearly  0.1,  and  in  the  case  of  trinitrobenzene  0.5  and  more. 


1.  The  ratio  p^/pg  can  serve  as  a  characteristic  of  the  qdbitity  of  a  substance, 
adsorbed  on  the  surface  of  a  solid  body. 


t 


In  thjs  connection  one  should  note  the  absence  of  the  influence  of  the  chemical 
nature  of  the  wall  on  the  picture  of  disintegration  of  trinitrobenzene.  These 
facts,  and  also  the  fact  that  in  liquid  state  the  speed  of  decomposition  of  trini- 
trogenzene  is  greater,  than  in  vapors^,  indicate  that  the  cause  of  the  accelerating 
action  of  the  developed  surface  of  glass  on  decomposition  of  nitro  ccmipounds  of 
benzene  in  vapors  can  be  the  formation  on  the  glass  of  a  liquid  film  (consisting 
of  a  parent  substance  and  the  products  of  its  disintegration),  in  which  decomposi¬ 
tion  occurs  significantly  faster,  than  in  vapors. 

Deceleration  of  gas  formation  on  subsequent  stages  of  disintegration  \inder  the 
influence  of  an  increase  of  the  surface  is  coitditioned,  apparently,  by  the  decrease 
of  total  quantity  of  gaseous  products  arid  is  connected  with  the  formation  on  the 
wall  of  a  deposit  rich  in  carbon.  Such  an  influence  of  the  wall  is  more  sharply 
expressed,  in  the  case  of  mononitrobenzene  an^  somewhat  more  weakly  during  decompo¬ 
sition'  of  trinitrobenzene.  An  analogous  influence  of  the  surface  of  glass  was 
observed  also  during  decomposition  of  nitromethane  Explanation  of  this 

phenomenon  by  polymer  ’  zation  on  the  wall  of  unsaturated  hydrocarbons  formed  during 
disintegration,  given  by  Cottrell,  is  probable  and  all  the  more  real  for  compounds 
of  benzene  structure,  in  which  there  already  are  unsaturated  bonds. 

For  the  dwation  of  thermal  decomposition  of  the  three  stidied  nitro  deriva¬ 
tives  of  benzene  there  is  a  number  of  distinctions,  conditioned  by  the  peculiari¬ 
ties  of  their  chemical  structure,  lo  them  refer  distinctions  in  the  initial  disin- 
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1.  An  analogous  conclusion  ensues  also  from  the  results  of  work  by  A.  Robertson, 
who  studied  decomposition  of  trotyl  /*6_7.  Phis  phenomenon,  probably,  inherent  to 
decomposition  only  of  nitro  compounds,  inasmuch  as,  for  example,  in  the  case  of  ® 

disint^ration  of  alkyl  nitrates  is  ob3ei*v©i  a  reverse  influence  of  the  aggregated 
state  /Tl  J,  As  one  of  the  causes  of  such  an  influence  of  the  aggregated  state  on  c 

the  .speed  of  decomposition  of  nitro  compounds  it  is  possxbie  to  consider  the  formsi. 
tion  of  nitrite  upon  association  of  an  organic  radical  with  NO2.  The  formation  of  ^ 

a  nitrite,  distinguished  from  a  nitro  compound  of  significantly  lesser  stability, 
takes  place  most  successfully  in  liquid  state,  and  besides  lowering  of  temperature  ^ 


and  increase  of  pressure  promote  the  progress  of  the  reaction  of  association  in  thxs 
way  ^-77. 


tegration  rate,  which  is  increased  during  transition  irm  moao-to  trinitro  deriva¬ 
tives.  The  constant  of  speed  of  the  reacticm  is  equal  to  3«2*lCr^  eecT^  for  awco- 
nitrobenzene  at  a  temperatvire  of  407^,  dinitrobenz«ie  -  at  397®  trinitrobeaene 
at  352°  -  Upcai  transition  frc®  dinitro-to  trinitrobensene  the  disintegration  rate 
is  increased  mors,  than  upon  transition  frcsa  a  laono-  to  &  dinitro  derivative.  In 
connection  with  the  fact  that  activation  energy  of  the  initial  reaction  of  disin¬ 
tegration  for  all.  three  substances  is  identical,  the  change  of  speed  upon  transi- 
froa  a  mono-  to  a  trinitro  ccsnpound  occurs  only  due  to  an  increase  of  the  pre¬ 
exponential  multiplier. 

In  addition,  the  quantity  of  nitro  groups  in  a  molecule,  there  is  an  esswitial 
influence  on  the  character  of  disintegration.  If  decomposition  of  mononitrobenzene 
takes  place  with  deceleration  in  time,  then  in  the  case  of  a  di-  and  trinitro 
derivative  acceleration  is  observed,  which  in  the  case  of  trinitrobensene  is  ex¬ 
pressed  greater.  The  magnitude  of  acceleration  of  disintegration,  characterized 
by  the  relation  ^tatx/^o  during  deccmposition  of  both  substances  is  greater,  the 
lower  temperature  ai^  greater  the  initial  concentration  of  vapors  of  the  substance. 
Influence  of  these  factors  on  the  magnitude  of  acceleration  is  expressed  stronger 
for  trinitrobenzene,  than  for  dinitrobenzene.  For  the  first,  lowering  of  tempera¬ 
ture  by  40®  (from  350®  to  310®)  leads  to  an  increase  of  Wmtx/v>9  from  1.5  to  4.5> 
and  an  increase  of  initial  pressure  leads  to  the  ju'oportional  growth  of  meadwiiR 
speai;  for  the  second,  the  same  temperature  gradient  (front  410®  to  370®)  evckm  a 
change  in  Wroa*/«^  from  2.3  to  4.7,  and  maximum  speed  increases  proporticmal  to  the 
pressure  of  vapors  by  1/3  degree. 

Thus,  the  initial  stages  of  disintegration  of  the  three  substances  being 
studied  possess  identical  kinetic  characteristics,  which  indicates,  probably, 
community  of  the  mechanism  of  reactions  on  this  stage.  At  the  ofiaae  time,  upon 
transition  frcm  mono-  to  trinitrobsnzene  is  observed  an  essentitil  change  of  charac¬ 
ter  of  subsequent  stages  of  dectsaposition.  Impending  upon  the  nradber  of  nitro 


groups  in  a  molecule  can  not  only  change  essentially  the  relationship  of  speeds  of 
separate  stages  of  disintegration,  but  also  the  very  mechanism  of  the  latter.  With 
an  increase  of  the  number  of  nitro  groups  in  a  molecule,  the  reaction  ability  of  the 
parent  substance  and  intermediate  products  of  the  first  stage  of  disintegrati<Hi 
(such  products  can  bo  phenyl,  nitrofdienyl  ar.d  dinitrojhenyl  radicals)  is  able, 
apparently,  to  change  unequally.  Correspondingly,  the  introduction  of  a  routine 
nitro  group  change  the  speed  of  primary  and  subsequent  reactions  in  different  vrays. 
In  addition,  diiring  decomposition  of  nitro  derivatives  of  benzene  determined  and 
different  for  mono-,  di-  and  trinitrobenzene,  a  role,  probably,  is  played  also  by 
the  oxidizing  reactions  which  are,  apparently,  one  of  the  main  ways  of  gas  forma¬ 
tion  during  disintegration.  In  favor  of  that  is  the  fact  that  upon  transition  frcm 
mono-  to  trinitrobenzene  the  total  quantity  of  gases  is  increased  from  1.7  -  2  to 
4-5  moles  per  mole  of  substance. 
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23.  Thermal  Disintegrfttion  of  Picric  and  Styijhnic  Adda 
X.  K.  Andreyev,  Liu  Pao»feng 

Thennal  disintegration  of  picric  and  styphnic  acids  is  of  interest  in  two 
aspects. 

In  certain  conditions  of  indtutrial  application  (explosions  in  deep  boreholes) 
the  need  appeared  for  explosives  able  to  sustain  for  long  periods  the  action  of 
relatively  high  temperatures.  In  connection  with  the  fact  that  nitro  coaqpounds  of 
aromatic  series  are  characterized  in  ^neral  by  a  much  lower  disintegration  rates 
than  explosives  of  many  other  classes,  the  search  for  heat-resistant  substances  was 
begun  among  them.  In  order  that  the  search  be  well-grounded,  and  directed,  it  was 
expedient  to  establish  the  influence  various  substitutes  in  aroaatic  polynitro 
compounds  on  character  and  speed  of  thermal  disintegration.  The  study  of  the 
disintegration  of  oxyderivatives  of  trinitrobenzene — trinitro{Aienol  (TNF)  and 
trinitroresorcin  (TNR)  vfas  part  of  the  Investigations  in  this  art.  , 

Besides  this  the  thennal  disintegration  of  picric  and  styphnic  acids  is  inter¬ 
esting  in  comparison  with  the  disintegration  of  their  saits^  for  understanding  of 
the  sharp  distinction  between  these  salts  and  acids  with  respect  to  speed  and 


1  On  the  disintegration  of  salts  of  picric  and  styphnic  acids— see  ja^sent 
collection,  page  511. 


burning  ability. 

For  salts  of  a  series  of  metals  burning  ability  is  much  greater  and  blaming 
rate  is  considerably  higher  than  for  acids,  although  the  heat  of  formation  of  the 
salts  is  larger  than  that  of  the  acids  and  there  is  correspondingly  less  thenaal 
effect  of  their  full  transformation  during  burning  or  explosion. 

Besides,  as  was  shown  by  recent  investigations  C'3 i  dependence  of 
burning  rate  on  pressure  for  certain  picrates  and  styphnates  is  unique  and  is 
distinguished  from  the  dependence  established  for  the  acids. 

Inasmuch  as  during  burning  one  of  the  stages  of  the  process  is  decomposition 
under  the  influence  of  heating,  it  was  possible  to  trust  that  the  comparative  study 
of  thermal  disintegration  of  acids  and  salts  would  help  to  explain  the  cause  of 
the  distinction  of  the  characteristics  of  their  burning.  This  question  is  con¬ 
sidered  in  the  following  article,  devoted  to  the  thermal  disintegration  of 
picrates  and  styphnates. 

Experimental  Part 

The  investigation  was  conducted  by  the  manometric  method  in  its  contemporary 
variant  /~1_7*  A  general  presentation  about  the  course  of  the  disintegration  of 
both  acids  is  given  in  Fig.  1.  Curves  of  V  =  f  6  )  or,  which  is  the  same, 
p  =  f  (  TT )  in  ^ig.  1  and  below  have  a  complicated,  on  the  whole  S~shaped  character. 
The  peculiarities  of  which  will  be  considered  below. 


1  In  order  to  ease  the  comparison  of  results  of  experiments  under  various 
conditions  these  curves  are  constructed  in  coordinates  of  “volume  of  gases  V  n 
cnr  at  )  and  760  mm  Hg,  formed  during  decomposition  of  1  g  substance  -  in  the 
future  n  cm^/g"  -  "time  in  min".  Degree  of  filling  of  reaction  vessel  hare 
and  in  the  future  is  characterized  by  the  ratio  of  the  sample  of  explosive  (m) 
to  the  volume  of  vessel  (v)  and  is  expressed  in  g/cnK. 


Fig.  1.  CoiipArisoii  of  curvos  of 
chango  of  spoeifle  pMi  formtlon 
in  tins  during  docc^iposition  of 
picric  and  stxphnic  ncids  4t  230 
(ns/v  «  10.45  ‘.10“^  fi/ca^  for  TMF 
«nd  10.50‘10’"^  g/c«^  for  THR 
1)  V  n  cH^/g;  ayrminj  3)  THRj 
4)  TNF. 


Fig.  2.  CoopAritoo  of  ehAagt  of 
rmto  of  gw  foimtioa  in  tiw 
during  doeoppooltloii  of  pi^ie 
acid  md  trinitrobrnwiM 
4t  270*.  (*/▼  i»  12.15  ’  lo;^ 
g/ciP  for  WF  ind  29.4  *  10*^ 
g/ca?  for  TUB). 

1)  log  (dV/di);  2) 

TMFi  3)  TUB. 


In  Pig.  2  for  ccsparison  4ro  shoi«n  dats  for  trinitrotenswo  (TUB),,  the  slowoat  to 
decon^se  of  all  studied  earlier  the  trinitro  coapouads.  Wraoe  that  picric  acid 
is  decomposed  much  faster  than  trinitrobensene.  The  tiae  for  achieveawt  of  a 
pressure  of  gasiform  products  of  disintegration  equal  to  half  the  aaTlaua  (in  thd 
future  called  •  "time  semi  disintegration")  constitutes  for  it  at  230*  sow  470 
min;,  while  for  trind-trobenzene  it  equals  218,000  ain.  General  Toluae  of  gwee 
formed  constitutes  for  TH?  410  to  450  n  ca3/g  or  4*2  -  4*6  Bolea  of  gases  per 
im>le  of  explosive. 

StTphnic  acid  is  decomposed  with  the  foxmtion  of  a  rather  large  qpiantitj  of 

gases  (440  -  490  n  cm^/g  or  4*8  -  5*4  aoles  per  aole  of  parent  subetance)  and 

significantly  faster  (approxlaately  by  10  tiaes)than  picric  acid.  The  tiw  of 

semidisintegration  of  THE  at  230*  constitutes  45  ain.  At  the  saw  tiw  its 

disintegration  rate  is  many  times  less  than  that  of  the  slowest  decoapoei^  nitro 

ester  -  nitrocellulose.  (Time  of  sealdisixttegration  of  the  latter  at  a  given 

temperature,  calculate  ^  means  of  wtrapolatiGsu  is  0.3  minutes,  l.e.  150 

* 

times  less  than  that  for  IIB  and  1600  times  less  then  that  for  TM#). 


Let  ua  consider  no«r  in  nore  detail  the  ccxiditions  under  which  the  experiments 
vfere  cceuiucted  end  the  results  for  etch  of  the  acids. 

Picric  Acid  t 

The  main  ejqwriments  were  c<xiducted  at  small  m/r  (10  *  10*^  g/cB^)»  alleging 
to  trace  the  entire  course  of  disintegration^  since  the  final  pressure  with  this 
does  not  exceed  760  ami  Hg.  Re8^LLts  of  certain  experiments  are  depicted  graphically 
in  Figs.  3  and  A  in  coordinates  of  "time"  -  ••volxaae”  and  “time” — "pressure”  of 
gasiform  products  of  disintegration. 


Fig.  3-  Change  of  specific  gas  formation  in  time  during  decom¬ 
position  of  picric  acid  at  various  ten^ratures. 

(m/v  10**3  g/car) 

1)  ?  n  car/gj  2)^  min. 

The  path  of  the  curves  is  unique  and  indicates  the  complicated  course  of  decom¬ 
position,  in  which  it  is  possible  to  distinguish  at  least  5  stages,  differing 
in  the  character  of  the  dependence  of  the  rate  of  gas  fomation  on  time. 

The  first  stage,  clearly  observed  at  low  temperatures  and  large  m/v,  is  the 


ito»  ■Oil'll*  ^ 


induction  period,  durini;  i«hich  prmctidOly  no  gae  generation  ie  obeenred.  Jie  an 

I  exaitple  the  initial  sections  of  seireral  curves  of  p  {'(*)$  obtained  at  1^* 

!  . 

<  and  various  s0r*  are  shown  in  Pig.  4.  In  these  conditions  induction  period  can 
constitute  ten  of  adnutes  (section  OB  in  Pig.  4). 


Fig.  4*  Initial  section  of  curves 
of  p  “  f  (  tJ  )  during  deccwposition 
of  picric  acid  at  183®. 

(Numbers  by  curves  -  »/v  in  g/c«^»10~4). 
1)  odn. 


If  one  were  to  raise  the  temperature  of 
the  experiment  by  50®  or  more,  no  in¬ 
duction  period  is  detected  (Fig.  3). 
Apparently  it  decreases  so  imich  that  it 
approaches  the  time  of  heating  of  the 
instrument. 


Fig.  5*  Check  of  coapliance  of 
disintegration  of  picric  acid  on 
the  third  stage  to  the  law  of  re¬ 
action  of  the  first  order. 
JSxperimsntal  conditions 
g/dP,  t®  «  183®.  Vfin  «  final 
volume  of  gaseous  presets  of  de¬ 
composition;  V<  «  their  volume 
at  aoBsnt  of  time  t? .  (Initial 
curve  shown  in  Pig.  6). 

1)  )Ji  2) 

•t*  ,  min. 


The  following  stage  is  the  acceleration  of  gas  formation  (section  BC  in  Pig. 

4),  which  at  183®  lasts  about  50  min.  Chi  the  second  stage,  apparently,  there  occurs 
the  development  that  reaction  which  proceeds  in  the  induction  period,  being  dis¬ 
tinguished  from  it  by  the  fact  that  the  magnitude  of  pressure  and  spied  of  its 
buildup  increase  so  much  that  they  become  accessible  to  measurement  by  the 
applied  i^thod. 

Third  stage  (section  CD  in  Fig.  4)  is  a  fast  reaction  (average  speed  of  pui 
generation,  for  example,  at  183®  emstitutes  0.03  a  cm^/g  per  adn.  ffee  speed  of 


of  this  reaction  falls  continuously  in  tiiae  according  tc  a  lew  near  to  that  of 
the  course  of  reactions  of  the  first  order  (Pig.  5). 

The  third  stage  is  clearly  visible  at  higher  teaperatures  •>  up  to  250®. 
Apparently,  the  temperature  dependence  of  the  disintegration  rate  on  this  stage 
is  relatively  weak.  The  fora^  gases,  in  the  min  (near  8O5S),  are  not  condensed 
at  room  temperature;  the  melting  temperature  of  picric  acid  toward  the  end  of 
the  third  stage  is  lowered  only  a  little  (by  experimental  data,  by  0.2®  at  183®). 

At  183®  aiKi  small  m/v,  the  rate  of  pis  formation  and  the  quantity  of  ^es 
formed  on  the  third  stage  are  greater  than  at  large  m/v  (Fig.  6). 


Fig.  6.  Influence  of  m/v  on  specific  gas  formation 
during  disintegration  of  picric  acid  at  183®. 

(Numbers  by  cxirves  -  m/v  in  g/cnr  ♦10^), 

1)  V  n  cnP/g;  2)  'v  ,min. 

ouch  a  dependence  on  m/v  allowed  to  assume  that  gaseous  products  of  disint¬ 
egration  (or  pressure)  retard  the  development  of  the  given  stage  of  the  process. 
This  assumption  contradicts  however,  the  results  of  experiments  with  a  break, 
when  after  passage  of  the  third  stage  the  gases  were  fjwmped  out  and  the  exfxsr- 
iment  continued.  Repetition  of  the  process  did  not  follow,  and  the  following 
stage  began  inm^diately,  but  proceeded  with  more  than  the  usual  speed  (Fig.  ?). 


Another  possible  asstj:®ptioa  was  the  coaBiderati<Hi  gS  the  first  three  sta^s 
of  process  as  sequential  stages  of  developE»nt  of  cjaalitatively  identical  re¬ 
actions  with  quantitative  distinctions  in  their  speed  various  stages. 

The  developnsnt  of  the  reaction  starts 
ijst^diately,  as  soon  as  substance  is 
heated,  but  proceeds  at  first  so  slowly 
that  it  is  not  detected  by  the  mercury 
manometer  (first  stage);  then  follow 
periods  of  registered  accelaraticsi  of 
gas  formation  (second  stage)  and  fall  of 
the  rate  (third  stage). 

Such  a  picture  was  natural  in  the 
case  of  developn^nt  of  autocatalytic  or 
consecutive  reactions.  It  would  have 
been  possible  to  assume  also  that  on  the  first  three  stages  we  are  dealing  with 
the  decomposition  of  an  unstable  impurity  contained  in  the  picric  acid;  however, 
this  assumption  would  have  to  be  suppleasented  by  the  assumption  that  the  iisapurity 
is  decompKssed  with  self -acceleration.  Further,  in  this  case  the  si^cific 
quantity  of  gases  formed  would  not  have  to  depend  on  m/v,  said  in  fact,  gas 
formation,  as  we  have  seen,  considerably  decreases  during  an  increase  in  a/v. 
Finally,  additional  purification  of  THF  did  not  change  the  character  of  the 
curves,  on  which,  as  before,  we  observed  the  initial  stages  of  disiategratism. 

The  fourth  stage  is  characterized  by  a  rate  of  gas  formtioa  significantly 
(3-9  tix^s)  less  tton  th®  maximum  rate  on  the  third  stag®,  and  also  on  tho 
fourth  stage  the  rate  does  not  fall,  as  on  the  third,  but  gsws  wsakly  in  ti». 
This  growth  is  expressed  the  strmiger  the  lw#ar  the  tes^rature.  Thus  at  230* 


%a^’ 


Pig.  7,  Influence  of  evacuation 
of  iffoducts  of  disintegration 
after  initial  rise  of  pressure  on 
subsequent  ^  formation  at 
m/vss^lO  •  10”^  g/cm3  and  250®. 

1-  before  evacuation,  2-  a^er 
evacuaticHn,  and  3-  parallel 
experiment  without  evacuation, 
a)  V  n  cm^/g;  b)  % ,  min. 


Pig.  8.  Influence  of  m/v  on  spec¬ 
ific  gas  fonnation  during  disin¬ 
tegration  of  picric  acid  at  250®. 
(Nmcbsrs  by  curves  -  m/v  in 
g/cm3  .  loH).  1)  V  n  cns^/g; 

Z)  i 

the  roaxiffiua  rate  of  ^s  formation  exceeds 
the  initial  rate  for  the  fourth  stage  by 
1,9  times,  but  at  260®  by  only  6^  (in 


Pig.  9.  Influence  of  evacuation 
of  products  of  disintegration  at 
the  fourth  stage  on  sj^cific  gas 
fonnation  during  decomposition  of 
TNF  (m/v 10"^  g/cni^,  t®=  230®). 

1-  Prior  to  evacuation;  2-  After 
evacuation  (for  convenience  of 
comparison  curve  is  constructed 
.iust  as  a  continuation  of  curve  1); 
3-  Parallel  9xperiB»nt  without 
evactiation. 

a)  V  m  cm3/g;  b)  ,  min. 


both  cases  m/v  =  10  •  10”A  g/cm3)^ 

The  rate  on  the  fourth  stage  also  considerably  depends  on  m/v,  increasing 


with  it  or,  'tdiich  is  the  same,  with  a  growth  in  the  pressure  of  gasiform  prod¬ 
ucts  of  disintegration,  both  at  183*  and  at  250®  (Figs.  6  and  8).  At  183®  an 
increase  in  m/v  of  10  tin^s  led  to  an  increase  in  the  rate  of  gas  formation  of 
2  times  on  the  fourth  stage. 

In  order  to  check  the  natural  assumption  that  the  hi^  rate  and  large  accel¬ 
eration  on  fourth  stage  at  increased  m/v  is  caused  by  the  high  press^ire  (con¬ 
centration)  of  gasiform  products  of  disintegration,  we  set  up  (at  230®) 
experifl^nts  with  evacuiucion  of  these  product j  on  fourth  stage,  near  the  mximum 
of  the  rate.  This  /"evacuation^,  however,  was  virtually  not  reflected  in  the 
ijsagnitude  of  the  rate  during  continuation  of  the  experiMnt  (Pig.  9),  but  the 

,1  Comparison  is  made  for  rates  of  specific  gm  formation,  referred  to  the 
initial  quantity  of  substance.  If  one  were  to  refer  them  to  the  quantity  of 
undecraaposed  substance  at  a  given  msmat,  then  t}:^  will  change,  nat orally, 
mors  strongly. 


further  groisth  in  the  rate  observed  in  the  usual  ccoditi^  pmcticali^  did  not 
occur  snd  on  the  ^ole  during  the  period  of  400  Mn  the  aTerage  rate  of  gas 
formtion  after  ashausting  of  gases  ^  1  I/4  tisss  once  less  than  alth  ex¬ 
hausting*  The  sa^  influence  is  shcs^o  the  replacement  of  gasiform  products 
of  disintegraticsi  nitro^n.  This  speaks  of  the  fact  that  the  p:'oc@ss  of 
disintegration  is  influenced  not  by  pressure  as  such,  but  iry  the  ehasiical  naturo 
of  the  pts  producing  this  pressure. 

In  order  to  explain  the  siecbanism  of  the  influence  of  condensed  products  of 
disinte^ation  dxtring  its  course,  we  added  to  picric  acid  25%  decoaposed 
(volume  of  gasiform  products),  fresh  acid  in  the  same  quantity  as  was  taken  for 
first  experiment,  and  dec<m^sition  was  continued. 

The  initial  rise  in  pressxire  (third  sta^)  was  expressed  much  more  weakly; 
in  other  respects  decomposition  proceeded  very  imich  like  the  disintegration  of 
fresh  acid  at  the  same  m/v.  This  does  not  favor  the  hypothesis  of  the  catalysis 
of  the  process  by  condensed  products  of  disintegration  as  cause  of  its  acceler¬ 
ation;  one  shoiild,  however,  note  that  acceleration  on  the  whole  is  expressed 
relatively  of  different  factors,  and  in  particular  of  the  role  of  condensed 
products  in  the  process  of  disintegration,  is  hampered. 

Wo  will  add  that  the  large  acceleration  of  the  reaction  at  low  teii^ratures, 
usual  for  autocatailytic  processes,  speaks  for  the  fact  that  <m  the  fourth  stag® 
we  are  dealing  with  reacticms  having  a  different  temperature  depondenc©  -  with 
this  the  sj^ed  of  the  accelerated  reaction  depeiuis  to  a  lesser  degree  on  temp¬ 
erature  than  does  a  reaction  proceeding  without  acceieratim. 

Thus  as  the  character  of  the  ctirve  "pressure  -  tiE©"  changes  with  tes^ratwr®, 
the  full  combination  <f  curves  of  p  «  f  (  '^  )  by  rasana  of  ctenglng  the  tias  scale 
is  not  obtained.  Therefor®  the  detemlnstioa  of  the  temperature  eoofficieat  of 
the  rate  ms  perforasd  by  cossparisoa  of  E^an  at  various  t®ia|^rattir©8  oa 
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sections  of  a  siKilar  type  (fourth  stage).  In  Irrheixius  coordinates  these 
speeds  glire  a  straight  Mnt.  10). 

Finally,  it  is  possible  to  c<m8ider  as  the  fifth  stage  the  period  of  drop 
of  the  absolute  rate  of  gas  foraatioc,  sii&ilar  to  that  which  is  observed  for  anj 
reacticH)  as  a  result  of  a  decrease  in  the  concentration  of  reagents.  This  inter¬ 
pretation  IS  supported  bjr  an  attaapb  to  present  the  last  sectloi  of  the  curve 
in  the  usiulL  coordinates  of  a  reacticm  of  the  first  order  (Fig.  11).  We  see 
that  on  a  certainj  general!/  sioall,  section  the  3quation  of  a  reaction  of  the 
first  order  is  fulfilled  with  smaller  tijses  the  rate  constant  falls ,  as  one 
should  expect.  Thus,  in  essence  it  nay  be  that  one  ou^t  to  unite  the  fourth 
and  fifth  stages  and  ccmsider  then  as  two  periods  of  one  and  the  same  process, 
encompassing  a  reaction  whose  rate  of  gas  formation  is  proportional  to  the 
available  quantity  of  parent  substance,  and  an  autocatalytic  reaction  idiose 
rate  is  proportional  to  the  concentration  of  products  of  disintegraticai  in 
simplest  case  in  first  degree.  Fig.  12  shorn  that  with  construction  of  a  graph 
in  coordinates  corresponding  to  the  law  of  autocatalytic  reactions,  on  section 
where  a  changes  from  1?  to  46^,  the  line  of  the  rate  represents  a  straij^t 
line. 

Above  the  course  of  disintegration  of  THF  was  illustrated  mainly  by  graphs 
of  the  change  in  time  of  the  specific  volume  of  gases  formed.  The  complicated 
character  of  the  disintegration  is  still  more  vividly  seen  on  grajdis  in  the 
cooixiinatos :  "rate  of  ^  formation"  —  "time"  (Fig.  13).  In  particular,  on  the 
curve  one  can  see  the  presence  of  two  maxima  of  rate  -  one  correspcxiding  to  the 
end  of  the  second  stage  and  the  other  being  observed  on  the  fourth  stagej  with 
this  the  first  maxiasm  is  significantly  larger  than  the  saceaod;  at 
m/v  “  10.45  •  10"^  g/cuj^  and  230®  the  ratio  of  the  rates  aa  the  maxima  equals 
6.85. 
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Fig.  10.  Tdtt|>ir*tttr«  (lopecdence  of 
the  ^^erage  rate  of  gas  fomation 
during  dieintegratioii  of  picric 
acid  (fouHh  etaM). 

1)  log  w  /  n  cn3/g.  nin^s  2) 
1(K/T,  -K. 
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Fig.  11.  Qieck  of  comffiliaace  of 
dieintegration  of  pdcrlo  acid  oe 
final  atage  to  lav  of  raaeiiont  of 
the  firet  order  {u/r^S!^lC^^g/9l^f 
z  »  220*).  *  -  deipree  of  diain- 
tegratim*  ^ 

1),  los  -  ?<)7;  2) 

%,  oin. 


Besides  the  above  described  experi- 

aents  an  the  disintegration  of  liquid  picric  acid«  ife  conducted  e^qiteriaants  on  the 

deccnposition  of  its  vapor.  The  disintegration  rate  of  TKP  vapor  at  290*  is 

many  tines  less  than  that  in  the  liquid  state.  It  depends  on  the  initial 

pressure  of  the  vapoTi  ineinsasing  with  at  first  weakly  and  then  anch  more  strQiig>- 

ly  (Fig.  14).  Simultanecsiusly  changes  and  character  of  the  curve^*^  des* 

change  W 

cribing/  w  rate  of  gias  forasatiou  with  tine  (Fig.  15).  At  snail  pressure 
of  the  vapor  (30  m)  the  curve  has  a  weakly  expressed  waTlnun  and  reaches  it 
late.  With  an  increase  in  pressure  the  mart  nun,  becosns  larger  and  arrives 
earlier.  With  an  initial  THF  in^saure  of  110  aw  the  rate  is  greatest  at  the 
initial  and  drops  quickly  In  tine  according  to  a  law  near  to  tiwi  law  of 

ca&ctimm  of  the  first  order. 

An  essential  c<^sj[xlieatJng  factor  is  the  Influence  of  the  surface  of 

1 

glass  w  the  of  disintegrati<m  in  the  vapor  state.  An  increase  of 

swface  by  10  ly  mms  of  the  introductim  into  the  reactic^  vessel  of 


1  An  analogs^  is  cbsam^  for  other  eti^ed  sltro 

(see  present  collect 
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Pig,  12.  Check  of  compliance  of 
disintegration  of  picric  acid  to 
anto^tal^tic  law  (ffl/v;SilO“3 
«  -  degree  of  disinte¬ 
gration  »  V^/Pfin. 

1)  JdV/d^ )/  (?fi„  -  V  )7 

min  -I  .103;  2)  (  V  -  Vq) 
n  CB^/g. 


d  1  l  \p 


Fig.  13.  Change  in  rate  of  gas 
formation  in  time  during  disint¬ 
egration  of  picric  acid  (m/v 
^  10-3  g/cB^,^*’  «  230®,  H^aan 
numerals  by  curres  ®  stages  of 
disintegratiwi). 

1)  log  (dV/d ^  )  /n  ca^/g.aiinj^; 

2)  log  'C  ,Bin. 


glass  capillaries  increases  the  initial 
ti»B8  (Fig.  16). 

pum  pr.eT. 


Fig.  14.  Growth  of  pressure  in 
time  dttring  disintegration  of 
vapor  of  picric  acid  at  290®. 
(Numbers  by  curves  -  initial 
pressure  of  vapor  of  IMF  in  naa  Hg). 
1)  "if  »  min. 


It  is  obvious  that  the  influence  of  the 


of  gas  formation  in  time  during 
disintegration  of  vapor  of  picric 
acid  at  290®. 

(Numbers  by  curves  -  initial  pres¬ 
sure  steam  TNF  in  mm  Hg). 

1)  (dp/d<  )  (I/Pq)  min  -1  .lO^j 

2)  ,  min. 


heterogeneous  reaction  must  be  6hc»«r  considerably  also  in  experisients  on  the 
dec(si^)osition  of  the  vapor  without  an  artificial  increase  in  the  surface, 
especially,  if  their  pressure  is  not  far  from  saturation;  this  in  particular  can 
be  the  cause  of  atrcmg  acceleration  of  the  reaction  at  p  ®  110  isa  in  ccm^aariscn 


with  p  *  87  m{fig.  15);  ^^loratloe  t&t  this  s^aseo  is  pcssibls  also  ia 
sxpsriw&ts  OR  tht  disi&t«p«tioci  of  tbs  liquid  at  smU  a/r,  ladsod  «qpsi?iasiiti 
at  230*  and  x/v  10  •  10”4  g/a^  showtd  that  is  a  sphsrieal  rsaotionaxT  vassal 

6  BK  in  dianotar  (  s/v  *>  6«1  csrl)  tbs  rats  at  ths  asyiaan  li  siipiifieantil^ 

I 

[  (1.3  tiass)  grsatsr  than  with  a  vassal  diMstar  ot  mk  (s/v  1.5  caT^). 


Fig.  16.  Infloanca  of  filling  of  It  is  intarasting  that  during 

vessel  with  glass  capillaries  on 

disintegration  of  picric  acid  in  decoai$>osition  in  the  vapor  state  in  a 
the  vapor  state  at  290*. 

(bj/v  2*10~4  g/cs^f  po  «  30  atfii  Hg«  vassal  with  increased  surface  there 
nuxbers  by  curves  >  aagnitude  of 

ratio  in  cm'^  of  the  total  swface  will  be  fonsad  soMwhat  aora  gas  than 
of  glass  (s)  to  volUBM  of  vessel 

(v).  without  the  addition  of  glass  eapiU- 

1)  V  n  caP/gj  2) 

arias,  but  then  their  pressure  elowlj 
falls,  obviously  as  a  result  of  a  subsaquant  reaction  proceeding  with  the  form¬ 
ation  of  ccxidenaed  products. 


Styphnie  Acid 


A  known  difficulty  in  the  study  of  the  disintegration  of  styphnic  acid 
^*Celt*  “  178*)  is  the  fact  that  it  relatively  strongly  retains  water. 
Svacuaticm  at  rooa  tesq^rature  and  at  100*  for  two  hr  is  apparently  insuffic¬ 
ient  to  maom  it.  Only  evaeuati^  at  180*,  ^an  styphnie  acid  is  alrai^  in 
a  liquid  state,  for  5  ^  exclude  fast  rise  in  :ifa*eesui^  observed  with  the 
regies  given  above.  This  evacuation  changes  also  the  (dn^otar  of  the  initial 


SG£' 


ri8«  in  pr«38ttrct  troa  sntur«bl«  it  boccnot  accelnmidd.  Apptrentlj}  ths 
pr«8«ne«  of  mt«r  accelemtos  primzy  ronctiona,  irhieh  without  it  «r«  dovolopod 
more  slowil^.  We  speak  here  of  a  Tery  eiiall  qsantity  of  water,  because  after 
10  ain  the  general  quantity  of  gases  in  eacperiaents  with  exhaust  at  100«  and 
at  180®  beccMs  alaost  identical.  Fig.  17  illustrates  this.  A  certain  influence 
on  the  path  of  the  curses  is  exerted  by  heating  (ti»e  of  fast  growth  of  pressure 


constitutes  in  all  about  8  sin). 

The  general  picture  of  the  disint~ 
gration  of  styphnic  acid,  depicted  in 
Fig.  18,  is  clear  enou|^  and  is  analog¬ 
ous  to  that  observed  for  picric  acid. 

It  includes  a  sat&ll  initial  acceleration 
of  gas  foraation  (first  stage),  decostr- 
position  with  a  significant,  but  quickly 
decreasing  rate  (second  stage),  section 
of  aljnost  constant,  weakly  grcwlng  rate, 
(third  stage)  and  finally,  its  fall 
(fourth  stage). 

The  first  stage  is  detected  only  in 
experiments  conducted  at  the  Icwest  of 


Fig.  17.  Influence  of  c<xnditions 
of  evacuation  on  disintegration 
of  styphnic  acid  at  various  tenp- 
sratures  (ns/v^sJ  10‘10**^  g/cn?). 
Tonperature  at  which  evacuation  of 
reaction  vessel  was  ccmducted: 

1-  180®,  2-  100®  with  liquid 
nitrogen,  3”  180®,  4-  100®, 

5-  ICO®  with  liquid  nitrogen, 

6-  180®. 

a)  V  n  cts^/g;  t)%  ^  adn. . 


the  studied  teaperatures s  180®,  190® 
and  200®.  In  a  certain  aeasure  this 
includes  also  the  second  stage,  whose  duraticm  constituted  with  these  timporatures 
about  10  Bdnute,  with  a  quantity  of  gases  forasd  of  20  -  35  n  cBi3/g  or  0.22  - 
0.35  ffioles  per  a^la  of  styphnic  acid. 


1  ybtTsimam  quantity  of  which  can  be  forasd  styphnic  acid  constitutes 
by  the  hypothetical  equation 
9  1/4  Esjles  per  asole  or  cia^/g. 


With  this  th«r«  will  be  Sarm^  bftticaHi'  psetji  aot  ftt  ^  «lm» 

eondiucttd  «n  esqperisiefst  oe  the  4eeefi^>oeiticR  of  aolid  sty|M.e  Hfiidl  «t  150*  $ 
the  i^ssure  feet  ms  lifted  mpidl^  to  46  m  Kg»  after  idiieh  it  rmsirnd  e43&- 
I  stmt  for  72  hr. 


Fig*  19*  Infleenee  of  a/r  on 
dieintegratioB  of  etypimic  aeid 
at  2^*.  ilhabves  by  ourfM  » 
lafftitttd*  of  Vt  in  f/en?  *10^). 

1)  f  n  aii3/f  j  2)  #  Kin* 

This  circuaistiyQce  indicates  that 

Fig,  Id.  Disintegration  of  styphnic 

acid  at  various  teiM^ratnres  the  decomposition  rate  of  solid  styphie 

im/r^lQr^  g/caP).  1)  V  n  cn^/gj 

Z)  $  win,  acid  is  significant  less  than  that  of 

its  aslt. 

The  second  stage,  i.  e.,  section  of  rapidly  falling  rate,  is  shown  on  graphs 
of  experinents  at  220  and  230*^  (Fig.  Id).  At  240**  and  250*  pressure  will  be 
raised  too  fast,  so  that  the  section  of  rate  drop  coald  be  detected  and  separated 
from  heating. 

Two  experiiasnis  at  220*  were  conducted  at  u/r,  differing  by  4  tisns  (?iS*  ^9)* 
At  large  m/v,  gas  formation  on  the  eeccnd  stage  was  a  little  greater.  Apparently, 
it  grows  soae^t  also  with  an  increase  in  teaperature,  as  was  shoim  by  ca»- 
parisoa  of  exF»rl»ints  at  190®  axwi  200^  (Pig.  17). 

Tho  thixd  stage  -  weakly  accelerated  gas  foraatiim  -  m^a^ces  the  nain  part 
of  disintegration.  The  rat®  of  gas  tormtim  here  is  laach  loss  (6-8  times) 
than  on  the  preceding  stag®.  Saall  also  is  the  p'm^h  of  the  rate;  at 


the  r&tio  of  MHri.nag  tnd  adniam  rtias  ccostitutes  1.56,  &t  1»UB, 

•t  240®  —  1.42,  «ad  »t  250*  -  120. 

Th9  rate  of  §is  fomaticm  on  this  stage 
does  not  depend  or  m/y  (Fig.  19);  the 
experiaents  are  stiff icientXy  reproducible. 

If  the  course  of  the  reaction  on 
third  stage  is  expressed  by  an  auto- 
catalytic  equati(Mi,  the  relationship 
for  styiimic  acid  turns  out  to  be  twice 
that  of  the  reacti<m  rate  during  the 
disintegration  of  TNR  was  detemined  by 
coa2paris(»i  of  aean  rates  (m  the  section, 
idiere  the  degree  of  transfomation 
cnanges  from  22  to  (Fig*  20).  In  Arrhenius  coordinates  a  strai^^t  line  is 
obtained.  The  disintegration  rate  of  styphnic  acid  at  230  and  250®  is  approx- 
inately  10  tines  greater  than  that  for  picric  acid  and  this  difference  changes 
little  with  temperature. 

Discussion  of  Results 

Picric  acid  is  decomposed  much  faster  trinitrobenzene  —  at  270®,  for 
exa&sple,  by  alimsst  ^X)  times.  However,  this  circumstance  is  not  its  exclusive 
peculiarity.  All  substitutes  increase  the  disintegration  rate  trinitrcbenzene. 
In  particular,  the  disintegration  rate  of  aethyltrinitrobenaene  •—  trotyl  is 
of  the  same  oi^er  as  that  of  oxytrinitrobensene  —  picric  acid.  The  main 
distinction  of  the  disintegration  of  picric  acid  fro®  that  of  trinitrobsnzene 
and  other  of  its  substitutes  and  the  nsajority  of  ojqploaives  in  general,  is  its 


Fig.  20.  Tenperatuz*e  depend¬ 
ence  of  mean  rate  of  gas  formaticm 
during  disintegration  of  styphnic 
acid  (third  stage). 

1)  log  /  n  cm5/g.ain_7; 

2)  103/t*,  K. 


vrj  wMk  C  «s  €o^pftr«d  with  Uimi  )  aecwXtxmtion  of  dUiaUgnitioii  oh  mIr 
Mctioa^  aodi  oyoii  «  dolijr  in  its  cours*  in  th«  bofiminc  of  dihiiitofrfttion. 

Th«  MM  ptottliaritjr  is  iubertni  is  stTphaie  told,  for  ihd.«h  it  is  still  mot* 
axpressod.  Acoording  to  ths  inTsstlgiticcw  of  Is.  Is.  MakslMy,  it  is 
cbsractoristic  slso  tor  hsianitx^il^s^laadl^  and  hsxanitrocsesnilidoy  i*s.> 
for  all  ths  atndiod  nitro  cosspouads  of  tbs  arosMtie  ssriss  ihiich  contain 
Bobils  at  cm  of  h^drogsiij  giving  to  ths  eoajpom^  acid  propsrtiss. 

Another  peculiarity  of  ths  disintegration  of  both  acids  is  its  clearly 
e^qpressed  phasic  character.  With  this  the  first  stage onccopassing  ths  induct" 
i(»i  period,  the  growth  of  the  rate  and  its  fall,  jo^ceeds  relatively  fMt  and 
therefore  is  very  noticeable. 

The  influence  of  the  degree  of  filling  of  the  vessel,  or  in  other  words, 

the  pressure  of  the  gasiform  products  of  disintegration,  it  developed  relatively 

concerning  weakly,  especially  for  styphnic  acid*  This  is  confirmed  in  pert" 

icular  by  the  opinion  expressed  earlier  that  the  characteristic  ihdch  will 

distinguish  nitro  coapounds  of  the  aroemtic  series  from  nitro  estere  consisted 

in  the  fact  that  for  them  the  aceelerhtion  of  decompoeition  is  relatively  email, 

and  also  that^it  sets  in  comparatively  late*  As  the  vapor,  picric  acid  is  ' 

# 

decomposed  significant  more  slowly  than  in  the  liquid  state*  This,  incidentally 
» 

promotes  a  sharper  manifestation  of  ths  upper  temperature  limit  of  Jlash,  which 
was  established  for  that  substance* 

Reaction  in  the  vap<nr  state,  as  was  observed  tor  many  other  nitro  coapounds, 
is  str<n!gly  accelerated  bT  the  surface  of  glass*  This  circumstMoe  profoundly 
complicates  the  qMntitative  interpretation  of  results  obtaimd  in  glass  vessels 
of  other  materials. 

The  depeivience  of  ths  dislntegzution  TaX9  of  jd-crio  acid  cai  tme|mrature  ^ 
smalli  the  average  t^speratur®  coefficient  in  the  interval  183  -  250® 


coMtitutds  (tor  thft  mixi  (third)  of  disintogratioa)  1.12|  this 
eorrsspocds  to  an  actimtion  energjr  S  of  38.6  k^cal/eoi®  ^  B  of  11.6. 

For  styphnic  acid  the  correspondiag  values  are  E  «  34.6  k»cal/aole  and  log 
B  *  11.2.  The  values  we  f<mzkl  for  S  ax^  B  for-  picric  acid  differ  strc^gly 
frocB  those  listed  in  the  literature  jT^JJ  (B  “  58,CXX)  cal/as3le  and  log  B  “ 
22.5).  A  possible  cause  of  this  is  the  fact  .that  during  the  calculation  of 
cimstants  th®  complexity  of  the  kinetic  curves  was  not  priviously  considered, 
in  consequence  of  idiich  they  eoapared  the  reaction  rates  on  section,  corres¬ 
ponding  to  various  stages  of  disintegration  —  for  example,  the  induction 
period  at  low  temperature  and  the  period  of  fast  growth  of  pressure  during 
increased  disintagration.  This  assumption  is  favored  by  the  fact  that  the 
rate  constants  calculated  by  literary  data  and  obtained  by  us  differ 

much  less  than  their  dependence  on  temperature.^  One  may  see  also  that  the 
pre-exponential  imiltiplior  not  only  does  not  exceed  the  usual  magnitude  for 
Bonomolecular  reactions,^  but  even  more  is  scaasTdiat  lower. 

1  For  the  fourth  stage,  according  to  Fartaer,  the  rate  of  gss  formation  is 
0.0070  cm^/g.min,  and  by  our  data,.  0.0048  cip^/g.min.  Analogously,  for  the 
third  stage  Farmer  gives  0.033  c»5/g.min  and  our  experisiseats  —  0.041  cm^/g.adn. 
If  one  considers  that  m/v  may  be  different  (Farmer  does  not  indicate  a  value 
for  this  characteristic).  The  agreement  may  be  taken  to  be  satisfactory. 

2  Vfe  conducted  no  direct  experiments  to  support  the  fact  that  the  initial 
stage  of  liquid  -  phase  disintegration  is  a  reacti<»i  of  the  first  order; 
there  is  no  basis,  however,  to  expect  that  picric  and  styphnic  acids  are 
exception  in  this  relaticm. 


Gcmpm^ium  ^th  d&t«  olitalaod  lu.  I«.  Iteksissr  fa?  trizdtro^assviM^, 

§hom  that  th9  distlactioc  n@tfd  of  ditinttgratioe  rat«9  of  this  sxpXoeivs 
froa  that  of  th$  scids  m  stndisd  is  hasicaUjr  dstsradnsd  igr  the  si^dflot&t 
difference  in  ei^rgies  of  aetitstion.  For  trisitroba»em),  acc^arding  to  Kaaiaf 
S  -  44*0  k<>cal/aol«  and  log  B  -  11.2.  If,  as  is  pg*ob«ble,  the  initial  stage  of 
the  disintegration  a  trinitro  coepoimd  in  the  benzene  ring  essentiaXIjr  relieves 
this  breakamgr,  siailar  to  the  that  nitrating. 

Conclusions 

Iffe  studied,  with  the  help  of  a  glass  aanoester,  the  disintegration  of  picric 
and  styphnic  acids  in  the  interval  of  teaperat\ire8  froa  183**  to  270*. 

This  disintegration  proceeds  in  a  cowplicatsd  fom  and  includes  a  series  of 
stains,  distinguished  by  the  character  of  the  dependence  of  rate  m  tisms  ca  the 
whole  it  proceeds  without  significant  acceleration  and  in  this  respect  is 
distinguished  from  the  disintegration  of  trinitrobenzene,  trinitrotoluene,  and 
Bumy  other  nitro  compounds  of  aromatic  hirdrocarbcms. 

We  determined  these  kinetic  characteristics  for  the  main  stage  of  disinte- 
grationj  for  picric  acid  S  «*  38*6  k^cal/mole,  B  *«  10^*^,  “half-life"  at 
230®  -  470  lainj  for  styphaic  acid  E  •*  34.6  k-cal/aola,  B  »  10^*^,  "half- 
life"  at  230®  -  45  adn.  In  the  vapor  state  picric  acid  is  deeooqposed  signifi¬ 
cantly  slofwer  than  in  the  liquid  phase,  and  besides  side  by  side  with  the 
h(mK>gen30us  reactioa  there  occiu's,  with  significant  speed  a  heterogeneous 
reaction  on  the  surface  of  the  glass. 
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24.  Thermal  Disintegration  of  Ammoniuia,  Potassium,  and  Lead 
Salts  of  Picric  and  Stsnahnic  Acids 

In  distinction  from  the  acids,  ammonium,  potassium  and  lead  salts  of 
trinitrophenol  and  trinitroresorcin  are  not  melted  and  therefore  are  decomposed 
at  an  elevated  temperature,  remaining  in  the  solid  state.  Besides,  they  are 
nonvolatile  and  therefore  the  chemical  reaction  of  decomposition  at  least  in 
its  first  stages,  proceeds  in  the  solid  phase.  The  known  exceptions  are  the 
picrate  and  styphnats  of  ammonium,  wtiich,  similarly  to  other  ammonium  salts, 
noticeably  dissociate  at  increased  temperatures,  as  a  result  of  which  the  de¬ 
composition  of  the  vapors  of  the  acids  and  their  interaction  with  ammonia  in  the 
gaseous  phase  becomes  possible. 

As  is  known,  salts  of  picric  and  styphnic  acids  (again  with  the  exception 
ammorium  salts)  are  sharply  distinguished  in  speed  and  regularities  of  burning 
from  the  acids  themselves.  One  of  the  problems  of  the  investigation  of  the 
thermal  disintegration  of  the  salts  was  to  try  to  detect  such  of  its  pecoliarities, 
vfhich  would  allow  to  explain  the  indicated  distinctions  with  respect  to  burning. 

Investigation  of  the  thermal  disintegration  was  conducted  by  the  manometric 
method  with  application  of  a  glass  manometer  of  the  Bourdon  type  /~lJ7, 

In  the  article  we  take  the  following  conditional  designations; 

**  -  time  in  minutes; 

V  -  volume  of  gases,  formed  during  the  decomposition  of  1  g  of  substance, 
brought  to  normal  conditions 

w  -  speed  of  gas  formation  in 

m/v-  degree  of  filling wof  reaction  vessel  in  ^/cm3  (m  ••  sample  of  substance 


m. 


in  g,  V  -  volume  of  vessel  in  cm?); 


p  -  pressure  of  gasiform  products  of  disintegration  of  substance  in  nan  Hg. 


Experimental  Part 

1,  Decomposition  of  Ammonium  Salts  of  Picric  and  Styphnic  Acids 
Picrate  of  Ammonium 

Picrate  of  ammonium  vra-s  purified  by  single  recrystallization  from  hob  water. 
It  is  not  melted  during  heating,  at  least,  in  the  interval  of  temperatures  from 
200  to  270®,  in  vdiich  we  conducted  the  experiments. 

Ualls  of  the  reaction  vessel  at  the  end  of  the  experiment  were  covered  with 
a  brown  deposit,  whose  intensity  increased  in  the  direction  toward  the  bottom 
of  the  vessel.  Besides  this,  on  the  bottom  of  vessel  there  remained  a  loose 
black  powder. 

The  final  volume  of  gasiform  products  constitutes  5. 6-5. 8  moles  per  mole  of 
picrate  (510-530  cnP/g),  i.  e.,  somewhat  more  than  for  picric  acid  (see  -page 
495  of  this  collection). 

The  general  character  of  the  curves  of  V  =  f  ( ^  )  or,  which  is  the  same, 

P  "  f  ( various  temperatures  (200-270®)  is  represented  in  Fig.  1.  We  see 
that,  ao  foi*  picric  acid,  these  cxirves  hdve  an  S-shaped  character j  in  the  case 
of  the  picrate,  however,  this  S-fonn  is  more  strongly  expressed:  acceleration  of 
gas  formation  on  first  section  of  the  curve-to  the  inflection  point-is  significant 
greater.  This  can  be  judged  by  the  data  in  Table  1  vrtiere  the  ratio  of  max.mum 
speed  of  gas  formation  to  its  initial  value  is  given  for  both  substances. 

A  still  more  graphic  distinction  can  be  seen  on  Figures  2  and  where  curves 
of  V  ~  ^  (r  )  for  the  salt  and  the  acid  are  compared  for  two  temperatures  (230® 

and  270®). 
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Table  1 


Ratio  of  loaximum  speed  of  gas  formation  to  the  initial  during  the 
decomposition  of  picrate  of  ammonium  and  picric  acid  at  various 

temperatures.  , 

(m/v  =  (10  to  22)  •  lO"^ 


•c 

2!)  rUKpflT  tHUOMKII 

jfrwpMMXMia  iEtscjK»ra 

m 

17.8 

l.t 

2S0 

11.7 

1.* 

260 

10.4 

l.l 

270 

.8,8 

1.0 

(1)  Temperature,  ®Cj (2) Picrate  of  ammoniumj  (3)  Picric  acidj  (4) 
^  max/^init* 


Fig.  1.  Disintegration  of  picrate  of  ammonium  at  various  tempera¬ 
tures  (m/v^l(r3  g/cm?.  (1)  V  (2)  r  ,  min. 

o 
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In  the  initial  stages  of  disintegration  the  decomposition  rate  of 
picrate  of  ammonium  is  less  than  that  of  picric  acid,  but  it  grows  in  time 
significantly  faster.  At  low  temperatures  (230®)  the  curve  of  V  =4  ( v  )  of  the 
picrate  proceeds  on  almost  all  its  extent  lower  than  the  curve  for  the  acid  and 
crosses  the  latter  only  when  V  is  close  to  kOO  n  cnr^/g.  Within  increase  in  temp¬ 
erature  the  initial  disintegration  rate  of  the  piqrate  grows  more  strongly  than 
that  of  the  acid,  and,  although  its  acceleration  of  disintegration  in  time 
decreases  with  a  growth  in  temperature,  the  intersection  of  curves  of  Y  -  ( ^  ) 

occurs  earlie  ';  at  250®,  v^en  p  =  i  ,  and  at  270®,  when  p  =  {  Pfin’ 

Another  peculiarity  of  the  manometric  curve  of  the  decomposition  of  picrate 
of  ammonim  is  its  clearly  expressed  diphasic  character,  expresesed  in  the  given 
case  by  the  fact  that  after  achievement  of  degree  of  decomposition  of  about 
50^'>,  the  rate  of  gas  'fonuation  immediately  strongly  by  2-5  times  decreases  and  its 
growth  abruptly  changes  to  a  slow  drop. 


Fig.  2.  Comparison  of  curves  of  gas  formation  during  the  dis 
integration  of  picric  acid  (TNF)  and  picrate  of  aamonium  at 
230®  {m/v  fS  10“^  g/cnH).  (1)  TNF;  (2)  Picrate  of  ammonium; 
0)  r  ,  min;  (4)  vJl=S3, 
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Fig.  3.  Comparison  of  ciirves  of  gaa  formation  during  the 
disintegration  of  picric  acid  (TNF)  and  picrate  of  anmonium 
at  270°  (m/v«  icr3  g/cm3).  (1)  Picrate  of  ammonium;  (2) 

TNF;  (3)  T.  ,  min;  (4)  vn  cm^  . 
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This  change  of  the  law  of  variation  of  the  rate  of  gaa  fonnation  is  clearly 
visible  even  on  integral  graphs,  especially  at  230‘’*-260®;  it  is  still  mors 
graphically  revealed  on  differential  curves,  if  on  the  axis  of  the  ordinates  we 
plot  not  the  absolute,  but  the  relative  rate,  i,  e.,  the  ratio  of  reaction  mtB 


to  th«  quantity  of  unreacted  substance  (Fig,  4)j  3ji  this  case  it  is  clear  that 
there  occurs  not  only  a  drop  in  the  rate,  but  also  a  subsequent  growth  of  its 
relative  value,  i,  e.,  that  curve  i")  has  two  laaxiina,  and  besides  the 

first  of  them  is‘ significantly  larger. 

Tlie  dependence  of  disintegration  rate  on  temperature  was  determined  by  the 
construction  of  an  arrhenius  graph  for  the  ijiitial  speed  in  the  interval  from 
200  to  270®.  Points  are  satisfactorily  plotted  on  a  straight  line  (Fig.  5,  line 
l),  along  the  tangent  of  the  angle  of  inclination  which  gives  an  activation 
energy  E  of  57.2  kcal/mole;  since  the  absolute  value  of  the  rate  of  gas  formation 
is  relatively  great  (k  200  =  2.9*10  ^  sec~^),  then  a  correspondingly  large  pre¬ 
exponential  mtatiplier  B  (<^10^9)  ^3  obtained. 


Fig.  5.  Temperature  dependence  of  rate  of  gas  formation  during 
disintegration  of  picrate  of  ajnsonium.  (1)  by  initial  rates  of 
gas  formation;  (2)  by  average  relative  rate  of  gas  formation;  (3) 
by  rate  of  gas  formation  in  beginning  of  second  stage;  (4)  by  the 
value  of  the  constant  decomposition  rate;  (a)  2.4  log  k;  (b)  1.3 
logw . 


The  strong  dependence  of  the  initial  disintegration  rate  of  picrate  of 

ammonium  on  temperature,  significantly  larger  than  for  picric  acid,  leads  to  the 

fact  that  at  high  temperatxires  it  is  decomposed,  on  the  average,  faster  than 

picric  acid,  and  at  low  temperatures,  slower. 

The  growth  in  the  initial  rate  in  the  given  case  turns  out  to  be  more 

« 

essential  than  the  decrease  of  acceleration  with  4n  increase  in  temperature.  In 


I  agrewaent  with  this  are  the  results  of  the  detemlnaticn  of  the  tec^jerature 
I  dependence  of  the  average  rate  of  gas  foziiAtion  (on  seestion  of  change  of  the  de- 
I  gree  of  disintegration  from  3  to  11  to  k5%),  giving  E  «  43  kcal/iaole  (Fig.  5, 

I  line  2),  The  fact  that  the  temperature  dependence  of  the  average  rate  turns 
out  to  be  less  than  that  for  the  initial  naturally  is  explained  by  the  high 

i 

<  acceleration  of  disintegration  at  low  temperatiires. 

As  it  was  shown,  the  decomposition  of  picrate  of  ammonium  proceeds  in  two 
phases.  The  rate  in  the  second  stage  naturally  also  increases  with  temperature, 
although  more  weakly  than  in  the  first.  Iherefore  the  ratio  of  the  maximum  dis¬ 
integration  rate  in  the  first  stage  to  the  initial  rate  in  the  second  increases 
with  an  increase  in  temperature  (see  Table  2). 


Table  2 

Rate  of  gas  formation  in  different  stages  of  the  disintegration  of 
picrate  of  ammonitim  (m/v  *=  10  to  12)*  10“^  g/cnP). 


.V  Tmompsttiw 

s)  ("wOn 

* 

si  (s%Mii)i 
Cs>Wi)ii 

»>; 

0.000 

mm 

•  ^ 

2» 

0,01 

0.54 

1.3 

380 

4.2 

1.7 

2,5 

.380 

2,1 

3,1 

2,0 

370 

21,7 

4,3 

4<5 

j  (1)  Temperature,  (2)  (w  ).  n  cm^/g*minj  (3)  (^  n  cm^/g* 

I  mini  M  (w  ^)^  /  (  « 


If  the  initial  rates  of  the  second  stage  at  variouo  temperatiires  are  plotted 
on  a  graph  iu  arrhenius  coordinates,  we  also  obtain  a  straight  line  which  gives 
E  =  32.2  kcal/mole  (Fig.  5,  line  3). 

Change  of  disintegration  rate  in  time.  Ihe  growth  of  the  rate  of  gas 


I 


foramtion  in  time  is  significantly  stronger  at  low  temperatures  than  at  high; 
therefore  a  change  in  the  time  scale  does  not  succeed  in  combining  curves  of 
y  =  f  (  T). 


Fig.  6.  Check  of  the  compliance  of  the  first  stage  of  the 
disintegration  of  picrate  of  ammonium  at  200®  to  the  auto- 
catalytic  law.  (1)  (dV/dr)/  -  V)  min“^.  10^, 

During  the  construction  of  the  dependence  w  =  ^  (  r  )  in  logarithmic 

coordinates,  a  straight  line  is  not  obtained. 

Construction  of  a  graph  on  the  basis  of  the  equation  of  the  autocatalytic 

reaction  . 

££.r^k,ia-x)-j>k^ia-x) 

dt 

allows  us  to  describe  a  significant  part  of  first  stage  disintegration  at  200- 
250®,  but  for  a>i  and  other  values  for  various  temperatures  (n  =  5  for  200®, 
230®,  250®  and  n  =  3  for  270®).  In  Fig.  6  is  presented  a  corresponding  graph, 
characterizing  the  first  stage  of  disintegration  of  picrate  of  ammonium  at  200° 
A  good  approximation  to  a  straight  line  is  given  by  the  construction  of 
experimental  data  in  the  coordinates  log  (V  -V^)  ),  where  is  near  to 

that  volume  which  corresponds  to  the  initial  pressure,  appearing  during  heating 
cf  picrate  of  ammonium  to  the  temperature  of  the  experiment.  In  the  interval, 
vdiare  from  3-13  to  40^  gasiform  products  will  be  formed  (i.  e.  from  14-70  to 


210  n  cift^/g)  W8  obtain  a  straight  line  (Fig.  7),  Calculation  ot  the  depend^ce 
of  the  tangent  of  the  angle  of  inclination  of  the  line  on  ttsapemture  gives 
E  =  40,5  kcal/moie  (Fig.  5<  line  4),  not  far  fr^  the  value  obtained  for  average 
rates . 

The  influence  of  the  de^ee  of  filling  of  vessel  (w/v)  on  flov  of  diaint®" 
gration.  At  250'^  and  270®  the  magnitude  of  m/v  relatively  weakly  affects  the 
course  of  disintegration;  an  increase  in  m/v  decreases  the  initial  rate  of 
fomation,  but  the  growth  of  the  rate  goes  faster  and  its  maximum  is  greater. 

An  increase  in  m/v  increases  the  rate  of  gas  formation  also  on  the  second  stage 
of  disintegration  (see  Fig.  8). 


Fig,  7.  Straightening  of  curve  of  V  =* 

(  r  )  of  the  decomposition  of  picrate 
of  ammonium  at  250®  (m/vJ^lO"*^  g/cnK> 

Vo  taken  equal  to  21  n  cHp/g),  (1) 
log  (V  -  Vq);  (2)  r ,  min. 


Fig.  8.  Influence  of  m/v  on 
formation  during  the  disintegration 
of  picrate  of  aBEsoniwm  at  270®, 
(Numbers  by  the  curves  -  m/v  in_g/ 

.  10^).  (1)  (V-  Vo)  S 

r  ,  min,  g 


Styjduiate  of  Ansaoniua 

Styphnate  of  ammonium  was  obtained  from  a  hot  (80®)  saturated  solution  of 
styj^ic  acid  (m.p.  ~  178®)  by  neutralisation  by725/^  surplus  solution  of 


airanonia.  During  cooling  failed  orange  crystals  of  styphnate  of  ammonium  v.ere 
precipitated.  The  product  was  purified  by  recrystallization  from  hot  water. 

The  final  volume  of  gasiform  products  of  disintegration  constitutes  6.2 
-  6.7  moles  per  mole  of  styphnate  (500  -540  n  cnP/g). 

The  external  picture  and  general  character  of  the  decomposition  of  styphnate 
of  ammonium  is  similar  with  that  of  picrate  (Fig.  9). 

In  the  first  stage  of  disintegration  we  observed  acceleration  of  gas 
formation  (secton  AB  in  Fig.  9);  after  achievement  of  a  pressure  constituting 
about  40^  of  the  final,  the  speed  of  gas  formation  drops  sharply  (by  5-6 
time^,  and  then  starts  anew  to  grow  (secton  BC).  Thus,  in  distinction  from 
picrate  of  ammonium,  the  growth  in  the  disintegration  rate  in  the  second  stage 
is  expressed  more  strongl3''  —  not  only  relative  but  also  absolute  velocity  is 
increased.  This  general  character  of  the  curve  of  V  =  (r  )  or,  which  is 
the  same,  p  S  is  observed  in  all  the  studied  intervals  of  temperatures, 
but  at  the  lowest  of  them  (190®)  there  is  no  growth  absolute  velocity  in  the 

second  stage  -  it  remains  constant  for  a  long  time. 

At  190  and  200°  the  curve  of  p  =  f  (  t  )  for  styphnate  of  ammonium  in  its 
entire  extent  lies  below  the  corresponding  curve  for  styphnic  acid  (Fig.  10). 

V/ith  an  increase  in  temperature  the  distinction  in  the  disintegration  rates 
of  styphnate  of  araaonium  and  styphnic  acid  decreases  and  at  230°  their  average 
rates  of  decomposition  already  becomes  close  (Fig.  11). 

The  presence  of  ^-wo  maxima  of  disintegration  rate  can  be  more  clearly 
seen  on  a  differential  curve  (Fig.  12) j  with  a  lowering  of  temperature  the 
relative  magnitude  of  the  second  maximum  becofaes  less  and  at  190°  it  disappears. 


Fig.  9.  Disintegration  of  styphhate  of  aiponium  at  various 
temperatures  (m/v*«i0“3  g/cn^),  (l)  yn  ca3  «  ('2)  r  ,  min. 
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Fig.  10.  Comparison  of  curves  of  gas  formation  during  the 
disintegration  of  styphnic  acid  (TNR)  and  styphnate  of  aamcmiu^? 

(TNRA)  at  190°  (m/v  =10-3  g/cm3).  (1)  TNRj  (2)  TNRAj  (3) 

r  ,  minj  U)  V  n  em3  ,  .  | 

g  H 

Dependence  of  disintegration  rate  on  temperature.  Combination  of  the 

curves  of  V  =  .^  ‘ ( t  )  at  the  stage  of  the  first  acceleration  does  not  give  | 

satisfactory  results?  as  for  picrate  of  aasaonium  ih<jrate  of  gas  format icai  grows- 1 

^  _  J 

S-v 
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in  time  more  strongly  at  low  temperature,  than  at  high.  Construction  '>£  the 
initial  speeds  in  arrhenius  coordinates  gives  a  straight  line,  along  the  tangent 
of  vdiose  angle  of  inclination  E  -  56  kcai/mole  (Fig.  13,  line  1).  If  for  a  base 
for-  that  construction  we  take  the  average  rate  of  the  section,  vrtiere  from 
to  k5%  of  the  final  volume  of  gases  will  emanate  the  activation  energy  obtained 
is  somewhat  less;  45.5  kcal/mole  (Fig.  13,  line. 2);.  Almost  the  s^e  value  is 
given  by  construction  of  the  dependence  on  temperature  of  the  coefficient  with 
a  T  of  the  model  equation  for  the  rate.  V/ith  this  the  construction,  the 
experimental  values  of  the  rate  were  corrected  by  substracti in  of  the  initial 
value  of  Wq,  obtained  by  extrapolation  of  the  curve  w  -  r  for  a  time,  equal  to 
zero. 


Fig.  11.  Comparison  of  curves  of  gas  formation  during  the  dis¬ 
integration  of  styphnic  acid  (TMR)  and  styphnate  of  ammonium 
(TNRA)  at  230°  (m/vi^lO”^  g/cm3).  (1)  TMRj  (2)  TNRAj  (3) 

r,  min;  (4)  V  n  cin3  . 

In  Table  3  are  given  the  ratios  of  the  maximum  rate  to  the  initial  for 
both  stages  of  the  disintegration  of  the  styphnate  at  various  temperatures;  for 
comparison  the  corresponding  data  on  the  disintegration  of  styjiinic  acid  are 
given  also.  The  data  of  the  table  show  that,  as  for  picrate  of  ammonium,  in 


hhe  first  stage  the  growth,  of  the  disintegration  rate  of  the  styphnate  is  the 

I  ' 

I  greater  the  lower  is  the  tempei^ture,  and  for  the-  second  ataige  the  acceleration 
t  is  the  less,  the  lower  is  the  temperature j  at  ISO*?  (if  one  were  to  vcompare 

i 

I  absolute  velocity)  it  is  practically  absent. 


Fig.  12.  Change  in  the  rate  of  gas 
formation  in  time  during  the  disin¬ 
tegration  of  styphnate  of  ammonium 
at  various  temperatures.  (1)  log 
(dV/d  T ;  (2)  log  t  , 


Fig,  13.  Temperatixre  dependence  of  the 
rate  of  gas  formation  during  the  disin¬ 
tegration  of  styphnate  of  anaaonium. 

(1)  by  initial  rate  of  gas  formation j 

(2)  by  average  relative  rate  of  gas 
formation,  on  the  first  stage. 

(a)  log  w 


The  dependence  of  the  rate  of  reaction  on  temperature  for  the  seecmd 

stage  was  determined  by  the.  combination  of  the  curves  p  ®  ^  (  r )  at  210-230®. 
Construction  of  the  dependence  of  the  coefficient  of  combination  on  temperature 
in  arrhenius  coordinates  gave  E  -  48.1  kcal/mole.  In  connection  with  the  fact 


that  the  curve  of  p  (  r )  for  190°  no  longer  can  be  combined  with  the  curves 


of  gas  formation  at  higher  temperatures,  the  temperature  dependence  of  the  dis- 

e 

integration  rate  of  styjtoate  of  ammonium  was  also  calculated  proceeding  from 
I  the  initial  rates  of  the  second  stage j  in  this  case  B  is  obtained  equal  to 
|40.2  kcal/mole.  •  ’ 


Table  3 


Ra^bio  of  the  maxiraum  rate  of  gas  formation  to  the  initial  for  two  stages 
of  the  disintegration  of  styphnate  of  anmonium  (m/v  =  (9.4  to  10.7) 

10-4  g/cm3.) . 
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Thus,  as  for  picrate  of  ammonium,  the  rate  of  the  second  stage  of  the  disin¬ 


tegration  of  the  styphnate  depends  significantly  more  weakly  on  temperature  than 
does  the  rate  of  the  first  stage. 


re 


f 

i 

! 


Fig.  14.  Check  of  compHanoe  to  the  exponential  law  of  the  disin¬ 
tegration  of  styjtoate  of  ammonium  at  the  stage  of  primary  accelera¬ 
tion  at  various  temperatures  (m/v -5?  10“^  g/cn^).  (l)  log  (dV/dr)j 

(2)t  ,  min. 


Change  of  disintegration  rate  in  time.  Construction  of  this  dependence 
in  logarithmic  coordinates,  just  as  for  picrate  of  ammonium,  does  not  givs  a 
straight  line.  Such  a  line  is  obtained  in  the  semilogarithmic  coordinates  log 
(dV/dr  )  --rfor  temperatures  of  19C  and  200°  (Fig.  14).  At  210°  and  230°  a 
straight  line  is  obtained  at  construction  in  coordinates  log  (  w  -  w  q)  - 
where  -  certain  initial  values  of  the  disintegration  rate,  differing  for 
different  temperatures. 

A  significant  section  of  the  first  stage  of  the  disintegration  of  styphnat 
of  anmonium  is  adequately  described  also  by  the  equation  of  the  autocatalytic 
reaction 

where  n  lies  ^d-thin  the  limits  3.5-4  for  temperatures  of  190-210°  and  equals 
5  at  230°. 

!  Effect  of  the  degree  of  filling  of  the  vessel  (m/v)  on  the  duration  of 

i  disintegration.  As  for  picrate  of  ammonium,  an  increase  in  m/v  (although 

:  relatively  weakly)  the  initial  rate  of  gas  formation  at  210°,  but  accelerates 

j  its  growth  in  timej  in  exactly  the  same  way,  the  rate  is  Increased  on  the 

i 

I  second  stage  (Fig.  15). 


1  Fig.  15.  Influence  of  m/v  on  the  disintegration  rate  of  styphnate  of 
ammonium  at  210°.  (Numbers  by  curves  —  m/v  in  g/cn^  •  104).  (1) 

'  (dV/dr)  (  n  cm?  )i  (2)  f  ,  min. 

!  g*Kin 


Absolute  values  characterizing  this  dependence  are  given  in  Table  4. 


Table  4 

Influence  of  n/v  on  the  diiiat^gration  of  styphnate  of  ammonium  at 

210® 


(0 

«/m* 

if 

a  CJUF/i'jfmt 

9.r 

•.II 

*.3 

0,36 

21 

6.6 

4».4 

0.06 

5,0  . 

1  1.4  ^  '  . 

ioo 

:3.6 

(1)  g/cm3;  (2)  .  cm^/g.minj  (3)  n  cmVg.minj 

KnitV  Vg.»inj  (5)  Ct^aax/'^init)ii  (6)  (Wniax)i  /  (>^init)2 
Ifein  dintinctions.  of  regularities  of  the  disintegration  of  picrate  and  atyiAmata 
of  ammonium  from  regularities  of  the  disintegration-,  of  picric  and  styphnic  acids. 

I 

The  complicated  picture  of  the  multistage  development  of  the  decomposition 
reaction  of  picric  acid^  in  the  initial  stage,  including  the  induction  period,. 

i 

then  acceleration  of  gas  formation,  its  fast  growth,  drop-  in  rate,  and  sub¬ 
sequent  slow  acceleration  is  replaced  in  the  case  of  picrate  and  styphnate  of 
aimonium  by  a  two  stage  course  of  decomposition.  The  first  stage  is  strongly 
accelerated  gas  formation,  proceeding  to  the  achievement  of  approximately  half 
the  final  pressure,  after  which  the  rate  abruptly  drops  and  the  second,  also 

( 

self-accelerated,  st3g-a  of  the  process  begins. 

I 

The  initial  rate  in  the  case  of  the  salts  is  less  than  in  the  di»int^gratlx|i 

of  the  acids,  but  it  gror#sa  vd,th  time  significantly, faster,  especially  at  €bW'' 

: _ _J 

temperatures.  Correspondin&iy,  tho  pressure  of  gasiform  products  of 


? 


'H 


1  Data  on  the  disintegrat^-on  of  picric  and  stjTdiaic  acids  — see  this  coijJLeobicp 


disintegration  of  the  salts  at  increased  temperatwes  comparatively  early 
becomes  larger  than  in  the  disintegration  of  the  acids  (Fig.  3) .  At  lower 
temperatures  the  disintegrat>ion  rate  salts  and  acids  are  levelled  later  (Fig.  2). 

In  other  words ^  in  the  studied  interval  of  temperatures  the  average  rate 
of  disintegration  of  the  salts  is  3ome)rtiat  lower  than  that  of  the  acids  at 
moderate  temperatures j  at  high  temperatures  it  approaches  that  of  the  acids. 

The  disintegration  rate  of  the  salts  dfepends  more  strongly  on  temperature. 
This  distinction  is  developed  especially  clearly  if  one  compares  the  initial 
rates,  and  more  weakly  with  comparison,  of  average  rates. 

An  increase  in  m/v  in  the  case  of  the  salts  somewhat  decreases  the  initial 
rates  of  gas  formation,  but  increases  analogously  that  which  was  observed  for 
picric  acid— growth  of  the  rate  in  time,  and  also  the  magnitude  and  growth 
of  the  rate  on  the  second  stage. 

2.  Decomposition  of  Potassium  Salts  of  Picric  and  Styphnic  Acids 

Picrate  of  Potassium 

Picrate  of  potassitim  was  obtained  by  pouring  a  solution  of  potassium 
carbonate  (7JS)  into  a  hot  saturated  aqueous  solution  of  picric  acid  (m.p.  122. 

The  small-crystal  powder  obtained  was  sifted  through  a  sieve  with  a  mesh  di¬ 
mension  of  0,155  2m,  and  for  the  experiments  we  took  the  part  that  passed  through 
this  sieve.  Purity  of  the  picrate  was  controlled  by  the  determination  of  the 
content  of  potassium  (obtained  14.45^,  theoretical  I4.6OJS). 

V 

The  final  volume  of  gasiform  products  of  disintegration  constitutes  3.8 
moles  per  mole  of  picrate  of  potassium  (320  n  cm3/g),  i.  e.,  less  than  for  picric 
acid  (410-460  n  cn^/g)  and  picrate  of  ammonium  (510-530  n  cm?/g).  At  the  end 
of  the  experiment  a  black  powder  runains  on  the  bottcaa  of  the  reaction  vefsel,  ; 

The  ccmposite  results  of  investigation  of  the  disintegration  of  picrate  of  < 

.  -  H 

potassium  in  the  temperatures  interval  250-300*,. , in  vMch  the  picr*lt  is  in  the  , 

'v-''  'roi  h 


solid  state,  are  shown  in  Fig.  16. 

For  picrate  of  potassium  the  curve  of  V  -  -f  (  t  )  or,  v;hich  is  the  same, 
p  =  "f  (  r  ),  has  an  S-shapsd  form  both  for  acid  and  the  picrate  of  ammonium. 
Hovfever^,  the  induction  ;period  in  case  of  picrate  of  potassium  is  much  larger 
(at  250®,  for  example,  nearly  1000  min),  and  the  subsequent  growth  of  the  rat 
of  gas  formation  and  its  drop  proceed  significantly  more  sharply.  This  chare 
of  the  change  iji  the  rate  in  time  at  various  temperatures  is  especially  cleax 
seen  on  differential  curves  (Fig.  1?).  Curves  of  V  =  ( r )  are  well  reprodv 

and  are  combined  (for  various  temperatures)  by  a  change in  the  time  scale  (Fif 
18) .  The  disintegration  rate  of  picrate  of  potassium  is  a  few  times  less  the 
that  of  picric  acid  or  picrate  of  ammonium  (Fig.  19);  the  difference  between 
them  is  especially  great  in  the  beginning,  when  decomposition  of  picrate  of 
potassium  is  still  in  the  stage  of  the  induction  period. 


Fig.  16.  Disintegration  of  picrate  of  potassium  at  various 
temperatures  (ni/v»10"2  g/c^).  (1)  V  ^  c”i3.  (2)  r  ,  min. 
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than 


3en  Fig.  17.  Changes  in  the  rate  of  gas  formation  in  time  during  the 

disintegration  of  picrate  of  potassium  at  various  temperatures 
3f  (m/v<»10“^  g/ciiP).  (1)  (dV/d  f )  (  n  cn^  ;  (2)  r  ,  min, 

g.min 


Pig.  18.  Combination  of  curves  of  V  (  »■ )  of  the  disintegration 
*  of  picrate  of  potassium  at  various  temperatures  (m/v-sss  10“^  g/cmr ) . 

Values  of  the  coefficient  of  transformation  of  the  time  scale:  at 
250°  -  0.117,  270°  -  0.439,  281°  -  1.0,  285°  -  1.32,  290°  - 
1.76,  296°  -  2.63,  300°  -  3.43. 

(1)  VJLf^  (2)  r  ,  min. 
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Fig.  19.  Comparison  of  curves  of  V  -  /  ( r )  during  the  disintegration 
of  picric  acid  7,  picrate  of  ammonium  and  picrate  of  potassium 

l^J  at  250®  10-3  g/cm3).  (a)  V  n  (b)  r,  min. 

Dependence  of  disintegration  rate  on  temperature.  By  the  dependence  of 
coefficient  of  combination  on  temperature  in  the  jjiterval  250-300®,  de¬ 

picted  in  arrhenius  coordinates  by  a  straight  line  (Fig.  20),  E  equals  41.2  kcal/ 
mole.  The  activation  energy  was  calculated  also  by  the  temperature  dependence 
of  the  induction  period  t  ,  after  which  was  taken  the  time  of  emission  of 
10  n  ciiP/g  of  gases,  which  corresponded  approx:* mat ely  to  “}$  disintegy^ion  (Fig, 
20).  In  this  case  E  =  42  kcal/mole. 

Change  in  disintegration  rate  in  tl>!te.  This  dependence  was  determined 
by  the  constniction  of  curves  in  coordinates  log  (dV/dr  )  -T  And  log  (dV/d  r  ) 
-logi;  (Fig.  21).  In  both  cases  certain  sectiomof  the  cur\^e  is  rectilinear. 

With  this,  in  logarithmic  coordinates  this  section  3,s  larger  than  in  semi- 
logarithmic.  However,  during  an  increase  in  temperature  the  exponent  changes 


from  5.5  (at  .25b®^  to  4;5  (at  .290*).^^ 

We  deteniined  also  the  influence  of  on  the  course  of  the  disintegration 
of  picrate  of  potassium.  A  chauige  in  m/v  fi^m  10  •  10*^  to  100;  •  iO  ^  ’ 

g/cn^  at  2S0^3p0®  ws  not  reflected  in  the  induction  j»rtod;,;  but  somewhat 
accelerated  the  subsequent  developoiont  of  the  reaction.  Ihis  last  influence  of 
m/v  is  similar  to  that,  which  was  obsex^ed  during,  the  decomposition  of  the 
majorit;/-  of  the  .substances  studied'  in  this  Work. 


Monopotassium  St^qs^te 

Konopotasaium  styphnate  was  obtained  by-  the>  addition  of  a  calculated 


quantity  of  K2CO3  to  a  suspension  of  styiiinic  acid  (m,  p.  178.4®)  in  boiling 
vrater  with  mixing.  The  potassium  styphnate  pwcipitates  out  after  coolii^  in  the 
form,  small  yellow  crystals.  The  content  of  potassium  in.  the  product  was  f 6^ 


to  equal  13.7^J  by  theory  in>  the  styphnate  monoderivative  it  equals 
13.85^.  For  the  investigation -we  used'  crystals  which-'piasaed  through  a  sieve  with 


a  mesh  dimension  of  0,22  rtan  and  were  retained  on  a  sieve  with  a  mesh  of  0.19  nm. 


-Acco^ng  to  the  general  character  of  the  curve-  of  V  -t'see  for- 

example  Fig;  22)  the  disintegration  inonopotassium  styphnate  in  the  studied  in- 

*  ■*  I 

terval  of  relatively  low  temperatures,  .170^200®^,.  is  very  similar  to  the  disin-  ! 

n 

i 

tegration  of  the  acids,  especially  picric;  The  first  stage  of  disintegration  of^ 
the  styytoate  is  the  induction  period  (Fig.  23),  very  short  at  temperatures  abov^ 
190®,  but  clearly  noticeable  at  I70®,  when  its  duration  constitutes  about  20 
mih.  The  second  stage  represent*  a  brief  acceleratiai  of  gas  fbmmtibn.  On 

the  third  stage  gas  fo:^tion  proceed  fast,  but  with  a  rate  diminishing  in  tirne.^ 

* 

Maximum  pressure,  obtainable  on  the  third  stag<^  increases  with  teu^raturSi.  at  4 
170®  it  corresponds  to  10  n  cia^/g  and  at  200®  about  75  n  ci^/g.  Ch  the  fourth  I 


1  Above  200®  flash  occurred. 
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Fig,  20.  Temperature  dependence  of 
rate  of  gas  formatidn  during  the 
disintegration  of  picrate  of  potassium. 
(1)  by  the  value  of  the  coefficient 
of  transformation;  (2)  bj'-  values  of 
the  induction  period;  (a)  log 
(b)  log  r 


Fig,  21.  Dependence  of  the  disin¬ 
tegration  rate  of  picrate  of 
potassium  or  time.  (1)  log  (dV/d  r); 
(2)  logf  . 


Fig.  22.  Disintegration  of  monojxitasslura  Fig,  23.  Initial  section  of  curves 
styphnate  at  190®  (m/visslO"’-^  g/cnr).  of  V  =  f  (It)  during  the  disinte- 
(1)  >  (2)  gration  of  monopotassium  styphnate 

g  at  various  temperatures  (ev^v  saflO“^ 

%/o.ia^),  '(1)  ;  (2)  r  ,  min. 
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stage  the  rate  (absolute)  is  sljnoet  ccnetant,  but  i^re  aecmte^,  grows  vexy 
weakly  in  tiiu:  thus  at  190**  the  marlmnn  of;  the  rate  is  in  all  20j^  higher  than 
its  value  in  the  beginning  of  the  fourth  stage;  alter  aehievemt  of  a  pressure  * 
constituting  eonekhat  more  than  half;  the  final  me,  the  gas  foimtion  rate  . 
clearly  decreases  and  the  fifth  stage  is  begun,  proceeding  anw  with  a  certain, 
more  significmt  growth  in  the  rate  (Fig.  ,24).  On- the  last  (sixth),  stage,  a 
natural  drop  in  the  rate  is  observed. 

All  these  peculiarities  of  disintegration  are.  still  more  clearly  visible 
on  differential  curves  for  absolute  and,  esj^cially,  for  relative  velocity 
(Fig.  24). 


With  a  similarity  of  the  general  character  of  decay  curves  of  the  mono- 

.  < 
derivative , of  styphnate  and  styp^c  acid  they  differ  quantitatively  very 

significantly.  This  distinction,  little  noticeable  in  the  initial  stages^ 

comes  great  oh  the  fourth  stage,  on  »diich  for  example,  at  200®  the  disintegration 

rate  of  the  monoderivative  of  the  styphnate  is  6  tlmes= less,  than  that  for 


styphnic  acid  (Fig.  .25), 


i  ..  .J 
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Fig.  24.  Change  in  the  relative  rate  of  gas  fomtipn  to  time  during 
the  disintegration  of  monopotassium  styphnate  (nyV  i0~3  g/osK)  .  (1) 

(dV/dT)  /  Vfin  -  V);  (2)  log  f  . 

i>  { 

The  temperature  dependence  of  the  disintegration  rate  of  the  styphnate  wae 

'?•-  — 1 

determined  for  the  initial  rates  of  the  fourth  stage  by  arrtienius  Itoee;  |he  ...  : 


activation  energy  obtained  was  equal  tq  47.6  kcal/mole^ 


Fig.  25.  Comparison  of  curves  of  Fig,  26.  Influence  of  m/v  on  the  de- 

decomposition  of  styphnic  acid  (TNE),  composition  monopotassium  s.typhnate  at 
its  derivative  (TNHKi),  and  disub-  195®.  (Numbers  by  curves  -  m/v  in  g/cm?. 

stitution  products  (TNE%)  of  pot-  10^).  (1)  V  }  (2)  t  ,  min. 

assiura  salts  at  200®  (m/varl0~^  g/cm^).  g 

(1)  TNRj  (2)  TNRKu  (3)  TNRKa);  (4) 

T  ,  min;  (5)  V  n  cm3  . 

g 

A  change  in  m/v  weakly  affects  the  initial  stages  of  disintegration,  but 
noticeably  increases  its  speed  on  the  fourth  stage  (Fig.  26). 


Dipotassium  Styphnate 

Dipotassium  styphnate  was  obtained  by  the  interaction  of  potassium  carbon¬ 
ate  with  a  saturated  aqueous  solution  of  styphnic  acid,  yielding  small  orange 
crystals.  The  obtained  product  was  sifted  through  a  sieve  with  a  mesh  dimension 
of  0,11  ram.  The  content  of  potassium  in  diderivative  of  the  styphnate  con¬ 
stituted  24.2^  (theoretical  content  equals  24.3^). 

The  study  of  the  thermal  disintegration  dipotassium  styphnate  was 


tus^smem^ 


conducted  in  the  interval  20G-240®j  at  250®  under  the  ex^rimental  conditions 
flash  occurred. 

In  connection  with  the  fact  that  the  styphnate  diderivttive  is  c^staldiaed 
from  one  molecule  of  water,  for  its  rempvid  the  reaction  vessel  >»s  pum^d.  fpr 
an  hour  at  room  tanperature  and  then  for  an  hour  at  120®.  However,  the  presance 
of  water  vapor  is  weakly  reflected  in  the  course  of  disintegration,  as  was  shown 
by  comparative  experiments  on  the  decoa^sition  of  the  styphnate  diderivative 
with  removal  of  water  and  without  it. 


Fig.  27.  Disintegration  dipotassium  styphnate  at  various  temperatures 
(ra/vja  10”3  g/cm3).  (1)  V  ^  •  (2)  r  ,  min. 

E 

In  Fig.  27  are  shown  the  results  of  experiments  at  various  tempewtures, 
showing  the  general  character  of  the  dependence  of  V  »■  -f  ( r  )  or>  which  is  the 
same,  p  (f  ).  On  the  graphics  of  Fig.  27  and,  especially,  on  differential 
curves  (Fig.  28)  it  is  possible  to  distinguish  three  stages;  an  induction 
period,  a  period  of  acceleration  and  a  period  of  drop  in  rate,  starting  after 


1 


the  achievement  of  VifissSO  n  cm3/g,  which  corresponds  to  35^  of  Vfi^.  Wit|i_ _ | 

an.  increase  in  the  temperature  of  the  experiment  there  is.  an  increase,  as 'aui>H 

^  ...  ‘  ^ 
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be  seen  from  Fig.  28,  in  the  maxii^  of  the  absolute  ratej  however,  in  contrast 
for  example,  to  styphnate  of  ammonium  there  is  a  growth  also  in  the  relative 
increase  of  rate  (ratio  of  roaximura  rate  to  its  initial  value).  Thus,  with  a 
transition  from  210  to  230®  the  ratio  w  jjjax  /w  j^^it  ^cr®*ses  from  2.3  to  5 
(Fig.  29). 

By  the  character  of  disintegration,  its  acceleration,  and  the  magnitude 
of  the  rates  dipotassium  styphnate  is  sharply  distinguished  from  the  mono¬ 
derivative,  and  consequently  also  from  styphnic  acid  (Fig.  25).  At  200®  di- 
substituted  styphnate  is  decomposed  6  times  slower  than  the  monoderivative  and 
23  times  slower  than  the  monoderivative  and  23  times  slower  than  the  acid 
(comparison  was  made  according  to  the  average  rate  of  gas  generation  on  the 
section  from  the  beginning  of  the  experiment  to  the  emission  of  150  n  cm^/g 
of  gases).  At  220®  the  difference  in  decomposition  rates  becomes  less. 

The  dependence  6f  disintegration  rate  on  temperature  was  determined, 
first,  for  the  induction  period,  after  which  we  obtained  the  time  of  emission 
of  10  n  cm3/g  of  gases.  In  arrhenius  coordinates  this  dependence  is  expressed 
by  a  straight  line  and,  by  the  tangent  of  the  angle  of  inclination  of  the 
latter,  activation  energy  equal  to  4A,8  kcal/mole  (Fig.  30,  line  1),  is  obtained. 

Secondly,  we  determined  it  by  the  time  of  achievement  of  the  rate  maximum 
— in  other  words,  by  the  average  rate  in  the  stage  of  acceleration.  This  method 
(Fig.  30,  line  2)  gives  E  -  52>9  kcal/mole. 

Third,  the  temperature  coefficient  of  the  rate  was  determined  on  the 
section  of  deceleration  of  disintegration  by  the  expression  for  the  constants 
or  the  reaction  rate  of  the  first  order  (Fig,  30,  line  3)j  in  this  case  the 
activation  energy  turned  out  to  be  equal  to  50.7  kcal/mole. 


i 


Fig.  28.  Change^n  the  rate  of  gas  formation  in  time  during  the 
disintegratibn/alpotassiiam  styphnate  at  various  temperatures 
(m/T^l6“3  g/cni3).  (1)  (dV/d  r)  (  n  cip3  );  (2)  r ,  min. 

g*  ilia. 


Fig.  29.  Change  in  the  relative  rate  of  gas  Xarvatiitf  in  time 
during  the  disintegration  of  dipotassium  styphnate^ 

1  atures  (in/va?10-3  g/ca3),  (1)  w*  (2)  r  ,  min. 


Fourth,  the  temperature  dependence  >ias  determined  bj  the  change  in  the 
tangent  of  the  angle  of  inclination  of  the  rectilinear  section  of  the  curve 
I  of  log  V  -  although,  tmfortunately,  this  section  wis  tmtall  (degree  of^ 


I  disintegration  was  from  5  to  1^%  at  200-210®  and  from  5  to  2?^  at  220-24Q®)i  -j 


Change  of  disintegration  rate  in  time.  Attempts  to  combine  the  curves  of 
V  =  ^  (  >*)  for  experiments  at  various  temperatures  by  changing  the  time  scale 
did  not  give  positive  results.  Acceleration  at  high  temperatures  is  greater, 
than  at  low  ones,  in  contrast  to  that  which  would  be  expected,  for  example, 
during  the  joint  flow  of  monomOlecular  and  autocatalytic  reactions. 


Fig,  30.  Temperature  dependence  of  rate  of  gas  foimation  during 
the  disintegration  of  dipo^asium  styphnate  (m/v^cslO'^  .g/cm?). 

1  -  by  values  of  the  induction  period^  2  -  at  times  achievement 
of  maximum  of  rate;  3  by  values  of  the  constant  of  the  rate  of 
gas  formation  in  the  stage  of  deceleration  of  disintegration. 

(a)  log  kj  (b)  log^r . 

Construction  in  coordinates  (3,og  V  -  log  r )  the  degree  of  dependence  gives 
a  straight  line  in  a  significant  interval  of  decomposition,  but  the  exponent 
changes,  increasing  with  an  increase  in  temperature  from  2,4  at  200®  to  5.9 
at  240®. 

With  construction  of  the  curve  of  log  V  -  f  a  straight  line  is  obtained 
only  on  a  small  part  of  its  section.  Thus  the  dependence  of  the  rate  of  gas 
formation  on  time  is  not  plotted  for  dipotassium  styphf.Ate  in  simple  relation¬ 
ships  of  topochemical  and  chain  disintegration. 

Influence  of  the  degree  of  filling  of  the  vessel  m/v  on  the  course  of 


I  As  vas  observed  also  during  the  disintegration  of  picrate 

of  potassium,  tn  the  ease  of  disubstituted  styphnate  a  chan^  in  ^0  * 

lO"^  g/ca^  to  115  *  10"^  g/cm?  at  230-240*  wss  not  wflected  in  the  induction 
period,  but  sociswhat  accelerated  the  subsequent  development  of  the  reacticm. 


Geneiml  Regularities  Distinguishing  the  Disintegration  of  Potassium 

Salts  of  Picric  and  Styj^inic  Acids 


One  of  the  three  salts  -  wonopotassium  styphnate  —  is  sharply  dis¬ 
tinguished  >dth  respect  to  the  character  of  its  disintegration  from  the  other 
two.  The  disintegration  of  monopotassiim  stypha^ite  is  qualitatively  very 
similar  to  that  of  picric  and  styphnic  acids,  but  in  comparison  with  the 
latter  it  proceeds  much  more  slowly,  especially  at  low  temperatures. 

The  picrate  and'  disubstituted  styphnate  of  potassium  are  near  in  type  pf 
disintegration:  an  induction  period,  acceleration  stage,  and  drop  in  rate 
are  observed.  The  styphnate  is  decomposed  significantly  (by  40  times)  faster 
than  the  picrate.  Both  salts  are  disintegrated  much  slower  than  the  correspond¬ 
ing  acids .  Curves  of  V  =  f  ( t  )  for  experiments  on  the  disintegration  of 
picrate  of  potassium  at  various  temperatures  on  secticxi  of  acceleration  are 
combined  well  with  each  other  by  means  of  a  change  in  the  scale  of  the  time 
axis.  In  the  case  of  disubstituted  styphnate  such  a  combination  we  are  not 
able  to  obtain,  since  at  high  temperatures  acceleration  is  expressed  more 
strongly  than  at  low  ones. 

The  section  of  acceleration  for  the  disubstituted  styphnate  is  not  plotted 
completely  in  the  simplest  expressions  of  topochemical  and  chain  reactions | 

I 

on  the  section  of  disintegration  rate  drop  this  styj^inate  obeys  the  law  of 

i 

reactions  of  the  first  order.  Known  similarity  of  curves  of  V  {t  )  pf  the  , 
average  styj^ate  and  picrate  is  detected  with  durves  of  ammonium  salts, 
though  without  such  clearly  expressed  change  as  for  these  last. 


V 


0 


3.  Decomposition  of  Lead  Salts  of  Picric  and  Styphnic  Acids 


Picrate  of  Lead 

To  obtain  picrate  of  lead  we  added  to  a  saturated  solution  of  picric 
acid  in  water,  by  small  portions,  crushed  lead  carbonate  lead.  The  obtained 
solution  was  filtered  in  the  hot  state  and  the  filtrate  was  cooled.  Picrate 
of  lead  precipitated  in  the  form  of  smaU  yellow  crystals,  was  filtered,  washed 
with  benzene,  and  dried  for  several  hours  at  80®. 

The  content  of  lead  in  the  obtained  product  was  30. 3^ J  the  theoretical 
content  in  the  monohjoirate  of  picrate  of  lead  constitutes  30.4^.  The  picrate 
of  lead  was  sifted  through  a  sieve  with  a  mesh  dimension  of  0.15  wm. 

After  the  decomposition  of  picrate  of  lead  a  black  powder  remained  on  the 
bottom  of  the  vessel.  A  deposit  on  the  walls  of  the  vessel,  similar  to  that 
which  is  formed  during  the  disintegration’  of  picric  acid  and  picrate  of 
ammonium,  was  not  observed. 

The  disintegration  of  picrate  of  lead  was  studied  in  the  temperature 
interval  of  230-260®,  At  260®  and  a. sample  of  20  mg  decomposition  in  two 
experiments  was  completed  by  flash  after  20  rain.  With  a  decrease  of  the 
sample  to  5  rag  disintegration  passed  to  completion  without  flash. 

Disintegration  starts  from  a  fast  growth  in  pressure  (  in  the  process  of 
heating),  corresponding  to  the  emission  of  35  n  cm3/g  of  gases  at  240-260®. 

These  gases  represent,  obviously,  watejA  bound  by  the  picrate  and  not  escaping 
during  the  usual  preparation  of  the  experiment  (evacuation  by  a  diffusion  pump 
for  2  hr  at  rocsa  temperature) . 

Curves  of  V  =/  (t  )  at  low  temperatures  show  a  smooth  rise  without  a  clearly 
expressed  induction  period;  the  rate  of  gas  formation  increases  by  9-18  times 
as  compared  with  its  initial  value  (Fig.  31).  The  biggest  growth  (Table  5) 

1  Etnission  of  1  laole  of  water  corresponding  to  33*0  ^  the  monohydrata. 


Is  observed  at  the  low  temperature  of  the  experiment  (230®)  j  vdth  an  increase 
in  temperatisre  acceleration  decreases,  but  at  260®  again  increases  somewhat  — 
this,  however,  can  be  connected  with  heating. 

After  achirveinent  of  a  pressure  constituting  about  half  the  final  on^  the 
rate  passes  through  a  maximum  and  starts  to  drop.  However,  this  holds  true 
only  near  the  lower  boundary  of  the  studied  interval  of  temperatures  (230-240®) . 
At  increased  temperatures  (250  and  .260®)  the  curve  already  shows  a  clearly 
diphaiic  nature  of  the  process,  similar  to, that  observed  for  styphnate 
ammonium. 

Table  5 

Influence  of  temperature  on  the  course  of  the  disinte¬ 
gration  of  picrate  of  lead  ^Jn/v  =  (8.9  to  10,5)  • 

_  _  10~^  g/ca^J 


0  fc 

.’briu 

H  tJufjtymH 

ft 

\  WkM  /| 

230 

6.023 

0,41 

17 

■ 

24C 

0.004 

1.2 

—  . 

13 

2S0 

• 

0.23 

2.2 

2.2 

3.1 

10 

1.0  ^ 

290 

0.28 

2,4  • 

2.4 

3,0 

8.6 

1.0 

200 

o.w 

U.O 

3.8  . 

7.5 

12,5 

3.1 

'  (1)  t  ®C;  (2)  (winif)^^  n  cm3/g-  minj  (3).  (wniax)l  n  cm3/g.  min.  (4)  (w 

I  2,  „  (5)  n  (6)  (V) 

I  The  diphasic  nature  is  especially  clearly  visible  on  differential  curves  (Fig. 

I  32),  showing  the  presence  of  two  maxiinai  of  the  rate. 

^  Comparison  of  curves  of  V  =f  (  r  )  at  230®  (Fig,  33)  shows  that  the  average 

i  > 

S  rate  of  disintegration  of  picrate  of  lead  is  significantly  less  than  that  of 

}• 

,  picric  acidj  however,  this  distinction  is  connected  mainly  with  the  fact  that 
s  decomposition  of  the  picrate  does  not  attain  the  maximum  rate  at  oncei  this 
rate  is  near  to  the  maximum  disintegration  rate  of  the  acid  (Fig.  34). 

At  250®  and  260®  (Fig,  35)  the  curve  of  V  =  /  (t  )  for  picrate  of  lead, 
already  starting  fi'om  half  of  the  disintegration,  crosses  the  curve  for  the  acid. 
In  other  words,  the  disintegration  rate  of  this  pidrate  grows  faster  with  | 

vTUf  /  >■! 


temperature  than  the  disintegraticai  rate  of  acid;  this  i&  analogous  to  the 
situation  observed  for  picrate  of  aMonium. 


Fig.  31.  Disintegration  of  picrate  of  lead,  at  various  temperatures 
(m/vjs;  10-3  g/cm3)  .  (I)  y  n  cni3..  (2)  r  ,  min.. 

g 


by  the  coefficients  of  straight  lines  in  coordinates  log  w  -  r , 
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jtHiLadf . 

tfv  t;mit  ^ 


Fig.  32.  Influence  of  temperature  on  the  character  of  curves  of 
dV/d'r=  -f  If )  during  the  disintegration  of  picrate  of  lead 
10“’3  g/cn^),  (1)  (dV/d  r)  (  n  cm3  ;  (2)  t  ,  min. 

g.min 


I  Fig.  33.  Cos^rison:  of  curves  of  V  (f  )  duri^  the  deca^sltiKin 
I  of  picric  acid  picrate  of  azniwniua,  arid  ;pici»te  of  Iead  4t  230? 

I  (jn/v^  lO”-'  g/c^)  i  (1)  TNFj.  (2)  Picrate  of  IMy  (3)=  Picr«.t4  of "  ^ 

•  amoniumj  (U)  -r  ,  ainj  (5)  V  n  iCB^, 


0  m  m  nmimp 

Fig.  34.  COTparison  of  ch^e  of  rate  of  gas  fp’riftition  i^  tiiw 
the  disintegwitidh  of  picric  acid  (1)  and  picrate  of  lead  (2)  at  230? 
(ffi/v«  icr3  g/cai3)|,  (i)  (dV/d  r,)/V£jjf^)  iniii~i  .  103j  (2)  f  ,  min.. 


I 
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Fig.  35:.  Comparison  of  curves  of  gas  Fig.  36.  L:^luence  of  m/v  on  the 
fo^tion  d^lring  ths  disintegration  character  of  the  change  in  the  rate 

of  picric  acid  (TNF)  an4  its  ammonium  of  gas  formation  in  time  during  the 

and  lead  salts  at  250®  disintegration  of:  picrate  of  lead  at 

g/cn?).  Ci)  TIJF;  (2)>  Picrate  of  250®;  (Nu^ers  by  curves  -  m/v  in 

aunmoniumj  (3)  Picrate  of  leadj  (4)  g/cnr  .  ICA)  .  (1)  (dV/d  t  )  (  n  cn^/ 
tj  minj  (5)  V  n  cm3/g,.  g.  min)j  (2)  r  ,  min. 

The  obtained  values  are  plotted  on  an'  arrhenius  line,  by  the  tangent  of  whose 
angle  of  inclination  B  ==  60.2  kcal/mole.  Activation  energy  was  calculated  also 
by  the  values  of  the  average  rates  in  the  interval,  where  from  30-50  to  140  n 
cn^/g  of  gases  will  be  formed}  in  this  case  E  =  58.7  kcal/mole.  Calculation 
by  the  initial  disintegration  rates  gives  an  acitvation  energy  of  65.1  kcal/ 
mole.  Thus,  by  all  three  methods  of  evaluation,  the  reaction  rate  of  the 
disintegration  of  picrate  of  lead  depends  more  strongly  on  temperature  than 
does  the  disintegration  rate  of  the  earlier  salts  considered. 

Change  of  disintegration  rate  with  time.  At  230  to  260®  In  semilogarithmic 
coordinates  (log  dV/dr-r)  a  straight  line  is  obtained  on  a  significant  section, 
V/ith  construction  of  the  ejqjerimental  data  in  logarithmic  coordinates  we 
obtain  curves  turned  by  convexity  to  the  axis  of  the  abscissa.  If,  however, 
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ftlong  th«  axis?  6f  the  ordinata  w  jdot  log  (w  -  w  )>  then  in  a  eiitain  aean 

,0‘  ' 

Interval  of  disintegration,  conNispmdihg  ?t6  a  degrM  of  t^sfoaiiatiorL  6f  22 

* 

to  43^,  we  obtain  a  straight  line,  but  exponent  n  in  the  equatiai  ^ 

oscillates  from  2.0  to  2.5. 


influence  oJ 


le  degree  of  fill 


ry.  ,on  the  coursevol 


intejgr&f-lon.  Detei^^ationa  were  made  at  a  relatiYely  high-  teag^rature  (250®  -  | 
see  Fig.  36).  In  distinction  from  other  salts,  the  course  of  disintegiatibij  i 

I 

picrate  of  lead  is  strongly  affected  by.m/v  in  the  «itire  extent  of  the  process j  j 

with  an. increase  in  m/v  there  is  ah  increase  in  the  bP©«4  buildup  of  pressure  1 
1  '  '  ^ 
oh  the  acceleration  section,  and  a  strong  increase  'in  the  nayima  of  the  rate,.  j 

I 

{  especially  that  first  (Table  6).  The  initial  rate  increases  relatively  weiicly 
with,  ah  increase  in  m/v,  but  acceleration  jmd>  oorrespondi^ly,  the  maximum  of  > 
the  rate  increase  strongly.  ! 

Table?  6  . 

Influence  of  la/v  on  the  disintegratiori  of  picrate  Of  lead 

at  250® 


*  '  */«!•  I 

0.*6 

2.2 

3.2 

47.1 

< 

T.» 

' 

i.»  . 

4.8 

.  1 

•y^  /r 


1.4 

K  1,6 


(1)  g/M?;  (2)  n  ca^/g.  mini  (3)  ("uJi,  n  ca^/g.Biini 

(4)  (Winiva.  “  '!m  3/g.  mini  (5)(Wmuc)2,  n.^^/g  ,  mini  I 

(6)  {w,a3cM„i,t)ii  (7)('w7»irit)2-  ' 

i 

From  Table  6  it  is  clear  that  the  ratio  of  the  maximuii  disintegratics*  Tate  H 
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to  the  initial  increases  on  first  stage  by  2^  times  with  an  increase  in  a/v  of 

3  — 

5  times;  at  increased  m/v  the  first  maximum  is  lu^er  thaij  the  second.  - _ 


^  I 

2 - \ 

0 _ J 


StjTDhnate  of  Lead 


Styphnate  of  lead  was  obtained  by  its  precipitation  from  an  aqueous  solution 
of  styphnate  of  sodium  by  an  aqueous,  solution  of  nitrate  of  lead.  To  a  saturated 
solution  of  styphnic  acid  (m.t.  178^4®)  we  added  bicarbonate  of  sodium  in  small 
portions ,  With  this  there  occurs  stormj'^  emission  of  carbon  dio3d.de  and  the 
formation  of  st3q>hnate  of  sodium.  The  solution  obtained  is  filtered  from 
;mechanical  impurities  and  0.5  ml.  98-995^  acetic  acid  is  added  to  it.  Then  the 
solution  is  heated  to  70-80°  and  a  '(%  filtered  solution  of  nitrate  of  lead  is 
poured  into  it  quickly.  V/ith.  subsequent  cooling  styphnate  of  lead  is  pre¬ 
cipitated  in  the  form  of  small  crystals  orange  in  color.  The  quality  of  the 
product  was  checked  by  determination  of  the  content  of  lead,  which  was  found  to 
be  44,2^  (the  theoretical  lead  content  in  the  monohydrate  styphnate  is  44.3^0* 

The  styphnate  of  lead  ;^s  sifted  between  sieves^  with  mesh  dimensions  of  0,19  and 
0.16  mm. 

In  the  first  experiment  water  of  crystallization  was  removed  by  means  of 
evacuation,  with  heating  of  the  substance  to  120-125°,  for  two  hr.  V.lth  this, 
on  the  wall  of  reactionary  vessel  there  was  formed  a  yellowish  deposit.  To 
remove  this  impurity  the  styphnate  of  lead  was  subjected  to  preliminary  evacuation 
at  120°  for  three  hr,  after  which  it  was  poured  into  another  vessel  and  in  the 
air  was  again  turned  into  the  monohydrate.  Further  experiments  were  conducted 
with  just  this  rehydrated  styphnate. 

The  thermal  disintegration  of  styphnate  of  lead  (Fig.  37)  was  studied  in 
the  temperature  interval  200-230°;  at  240°  (20  mg  sample)  explosion  occurred  after 
25  sec,  Wo  induction  period  was  observed.  A  fast  but  small  initial  increase 
in  its  pressure,  apparently,  connected  with  the  separation  of  the  remainders  of 
water  of  crystallization.  The  character  of  disintegration  is  clearly  two-phase 
both  stages  proceed  with  weak  acceleration  (Table  7),.  noticeable  even  on  aai 


integral  curve,  but  clearer  on  a  differential  one ,  The  transition  frcaa  the  first 
to  the  second  stage  proceeds  after  the  -endssipn  of  apprOx^tely  40  n  ca^/g  of 
I  gases,  i.  e.,  about  \  of  the  total  amount  of  gases  e^tted  during  dis^tegratiqn. 

Comparison  of  the  disintegration  rates  of  styphnate  of  lead,  the  acid,  and 
other  of  its  salts  (Fig.  38)  shows  that  at  200®  styphnate  of  lead  decomposes 
significantly  slower  (by  3-4  times  on  the  first  stage  and  8-10  ti^s  in  the 
second)  than  the  acid  and  also  then  the  styjdmate  of  auiaonium  and  monopotassium 
styphnate,  but  more  quickly  thaui  the  disubstituted  styphnate  of  potassium. 


Fig.  37.  Disintegration  of  styphnate 
of  lead  at  various  temperatures 
(m/v  10“3  g/cnP).  (1)  V  n  cm^; 

(2)  r  ,  min.  g 


At  230®  (Fig.  39)  an  analogous  picture 


Fig.  38.  Comparison  of  curves  of  gas 
generation  dinting  the  disintegration  of 
styphnic  acid  (TNR)  and  its  sallsj 
ammonium  (TNRA),  monosubstituted  (TNRKi) 
and  disubstituted  (TNRKo)  potassium  and 
load  (TNRS)  at  200®  (ffi/vitel0~3  g/cm3). 
(1)  TNR;  (2)  TNRKi;  (3)  TNRA;  (4)  TNRS; 
(5)  TNRK2;  (6)  r  ,  min;  (7)  V  n  ca^. 


g 

is  observed  with  the  only  distinction 


being  that  the  curve  of  ?=#'(>• )  of  the  disubstituted  styptoiate  of  potassium, 
vdiose  disintegration  rate  grows  faster  with  temperature,  crosses  the  curve-  of 
styphnate  of  lead.  ^  •  * 


Table  7 


Influence  of  temperature  of  the  thermal  disintegration  of 
styphnate  of  lead  /”m/v  =  (9.8  to  11,9)  .  10~^  g/ca^. 
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0.31 

0,86 

2,6 
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(1)  t,?C;  (2)  (wini^)l,  n  cn^/g.min;  (3)  (w,nax)l>  ^  cmP/g.min;  (4)  (wj^ 
n  cin3/g.  inj  (5)  (wraax)2>  cnP/g.min;  (6)  (Winax/^init)l>  (?)  ('^iiiax/^init)?5 

(8)  (>Wl/Knit)2* 


Fig.  39.  Comparison  of  curves  of  gas  generation  during  the  disin¬ 
tegration  of  styphnic  acid  (TNR)  and  its  salts;  ammonium  (TNRA), 
disubstituted  by  potassium  (TNRKo)  and  lead  (TNRS),  at  230®  (ra/v 
«il0~^  g/cm3).  (1)  TNR;  (2)  TNRA;  (3)  TNRS;  (4)  TfJRK;?;  (5)  t  , 
rain;  (6)  Vn  cm3. 

g 

The  dependence  of  disintegration  rate  on  temperature  was  determined  in 
different  ways.  By  the  average  rate  on  the  section,  where  from  10  to  35  n  cm3/g 
of  gases  will  be  separated,^!,  e.  on  the  first  stage  of  disintegration,  we 


i 

constructed  an  arrhenius  straight  line,  vjhich  gave  an  activation  energy  equal  to 
37.8  kcal/mole. 

I  • 

I  A  near  value  of  activation  energy  (36.4  kcal/mole)  vras  obtained  by  con- 

( 

struction  of  an  arrhenius  line  by  the  values  of  the  constants  of  the  exponential 
equation  for  the  second  stage,  and  also  'by  the  initial  rates  of  the  latter  (34.8 
kcal/mole) , 

Change  of  disintegration  rate  with  time.  For  first  stage  of  disintegration 
in  all  studied  temperatiires  intervals  the  change  of  gas  formation  can  be  expressed 
by  the  relationship . 

Tdiere  -  2  cm^/g  (Fig.  40).  However  the  values  of  n  is  not  constant  and  in¬ 
creases  with  temperature  from  1,14  at  200°  to  1.42  at  230®. 

For  the  second  stage  at  all  four  temporatui^t  (200-230°)  we  obtain  a  sat¬ 
isfactory  line  in  the  semilogarithmic  coordinates  log  V  -,v  (Fig,.  41) . 

As  -was  already  noted,  the  growth  in  the  rate  during  the  course  of  disinte- 
j  gration  is  relatively  small  in  both  stages,*  acceleration  is  increased  with 

i  temperature  in  the  first  stage  from  l.S  (at -200°)  to  2.6  times  (at  230°) j  in 

! 

i  the  second  stage  the  increase  in  acceleration  is  still  less  (1.6-l.S  times). 

Influence  of  degree  of  filling  of  vessel  on  course  of  disintegration.  With 

an  increase  in  m/v  the  disintegration  rate  and  its  maximum  grow  (Fig,  42), -al- 

i 

i 

j  though  not  very  strongly.  Tht^s  an  increase  in  m/v  of  10  times  (from  12  to  120 

I  .  10"^  g/cnP)  led  to  an  increase  of  the  maximum  rate  of  only  two  times. 

General  Begularitias  Distinguishing  the  Disintegration  of  Lead 
Salts  of  Picric  and  Styphnic  Acids 

Characteristic  peculiarities  of  disintegration  of  both  lead  salts  are  their 
two-stage  nature  (for  styphnate  of  lead  clearly  expressed  at  all  temperatupma  of 
experiments,  for  picrate  of  lead  more  noticeably  at  high  ten^eratures)  and  ' 
the  absence  of  induction  peniods.  *  *  0  J 


W 


Fig.  40.  Rectification  of  cuinrea  of  Fig,  41.  Rectification  of  curves  of  the  i 
the  dependence  of  quantity  of  gases  dependence  of  the  quantity  of  emitted  | 
formed  on  time  in  the  first  stage  of  gases  on  time  in  the  second  stage  of  ) 
the  disintegratjton  of  styphnate  of  the  disintegration  of  styphnate  of  lead  j 
lead  (m/vftflO--^  g/cin^).  (1)  log  (in/v:;5:i0”3  g/cm?),  (l)  log  Vj  (2)  r  ,  i 
(V  -  Vq)?  (2)  log  r  .  min,  | 


Fig.  42.  Influence  of  ra/v  on  the  dependence  of  the 
disintegration  rate  of  styphnate  of  lead  on  time  in 
the  second  stage  at  200°.  (Numbers  by  curves  -  m/v 
in  g/cm3  .  104).  (1)  (dV/dr  ),  (n  cm3  )  lO^j  (2) 

f  i  min.  ^  g:  min 


}. 
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The  wain  distinctions  in  the  disintegration  of  the  lead  salts  are  the 
strong  dependence  of  its  s^te  on  temperature  for  picrate  of  lead  {E.^SO  kcal/ 
Eole),  significantly  larger  than  for  acid  (E«37  kcal/aple)}  in  the  case  of 
styphnate  of  lead,  pn  the  contrary,  the  activation  energy  is  relatively  saadl 
(~35  kcal/iEole)  and  near  to  that  for  the  acid  (E  *34.6  kcal/mole) ,  The  cUsinte- 
gration  rate  of  picrate  of  lead  grows  relatively  strongly  with  time  and  .with  an 
increase  in  m/v.  For  the  styphnate  these  dependences  are  expressed  significantly 
more  weaker. 

At  low  temperatures  the  rate  of  gas  formation  during  the  period  of  a  large 
part  of  disintegration  of  picrate  of  lead  is  lass  than  in  the  case  of  picriC 
aoidj  however,  the  temperature  dependence  of  the  disintegration  rate  of  the  salt 
is  greater,  than  that  of  the  acid,  as  is  the  acceleration  of  disintegration  in 
timej  therefore  with  an  increase  in  t^perature  the  picrate  is  decomposed  slower 
than  the  acid  only  in  first  half  of  disintegration}  in  the  second  half  the-  re¬ 
lationship  of  the  speeds  is  reverse^. 

In  case  of  the  stjphnate  the  disintegration  rate  both  as  low  and  at  in¬ 
creased  temperatures  remains  on  its  entire  extent  significantly  less  than  that 
of  the  acid. 
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Discussion  of  Results 


General  Regularities  of  the  Therml  Disintegration  of  Picric  and  Styphnic  Acids 
and  TheTr  Mionlum, .  Potassim  and  Lead  ^Its 


In  the  decomposition  of  the  enumerated  acids  and  their  salts  are  observed 
both  certain  common  features  and  also  significant  distinctions.  For  ease  of 
examination  the  main  features  of  disintegration  are  represented  schematically 
in  Table  8j  the  values  of  the  activation  energy  for  the  substances  studied  are 
given  in  Table  9. 

Table  8 


l)  Substance j  2)  Temperature  interval  and  state  of  aggregation j 
3)  Character  of  disintegration}  4)  Time  of  half  disintegration  at 
230®  in  min.}  5)  Picric  acid}  6)  Stp>hnic  acid}  7)  Picrate  of 
ammonium}  8)  Liquid}  9)  Solid}  10)  Vncnp/g}  11)  X  ,  min. 


Continuation  Table  8 


1  1)  Substance;  2)  Inter/al  of  temperature  and  state  of  aggregation; 

i  3)  Character  of  disintegration;  4)  Time  of  half  disintegration  at 
!  230® j  ^  in  min.;  5)  Styphate  of  ammonium;  6)  Picrate  of  potassium; 

,  7)  Monopotassium  ityphnate;  8)  Disubstituted  etyphnate  of  potassium;  ^ 

‘  9)  Picrate  of  lead;  10)  Styphnate  of  lead;  11)  Solid;  12)  Flash;  ^ 

13)  Explosion.  •  ' 

Ki  -  Ratio  of  periods  of  half  disintegration  of  picrates  and  picric  acid;  • 
•H*  Ka  -  Ratio  of  periods  of  half  disintegration  of  ityphftfttii  and  stypnio-  - 

acid;  . j 

•JHHf  -  Determined  by  calculation.  ,  . 
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Table  9 


Activation  Energy  S  of  the  Thermal  Disintegration  of  Picric 
and  Styphnic  Acids  and  'Rieir  Salts 


* 
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BcaiKtso 

HNTepMJ 

TeHOC* 

,  P 
£ 

KXajtjMOAIf 

3 

npKMe<iWMe 

^  flntpaitousi  KMC* 
jwra 

1 

18^-270 

38.6 

^  £  onpeAeiCHR  no  cpeAMKM  SHtHc* 

MRlIM  CXOpOCtH  RpM  50M  paCOdl 

j)  flKKpaT  KMMI 

2SO-30G 

41,2 

P  E  onpesejieHa  no  coBMesaeHM»  kph^ 
Mix  V’^/ix) 

niaqptT  aMMOMKii 

m-m 

43 

40,5 

E  onpeAexeHX  no  cpeAueH  CKopocTM 
npH  pscnaAO  ot  3— 11  ao  45H  (nep* 
•oe  stHRxeHHe)  k  no  TiHrcHCXM  yrxa 
MXttAOiU  npAMux  lg(y— 

3 

riRK^T  CRKHItt 

230-260 

80,2 

58,7 

t 

1 

w 

£  onpeAoxeHa  no  TaHreHCxn  yrxa 
HaKAOHX  npxMux  Ig  (nepBoe 

SHaRCHHe)  K  no  cpeAHcft  cKopocTK  npH 
10— 50H  ptcntAB 

CTN^RilCMias  KMC* 
JOTR 

180-250 

34,6 
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SKx  cxopocTeft  npK  22— 45H  pacnaxa 

Ctm^hrt  MUIHX 
4axiKn«MemeHHMli 

170-200 

1 

47,6 

^£onpeAeaeKa  no  aHatCKMKM  cxopoc* 
TK  npK  5— 35H  pacnaAB 

Ctn^krt  kukk 
i«j3«MeiueMRtdl 

200-240 

51,7 

52,9 

oRpeAeAena  no  UHreHcaM  yraa 
NAKAOKa  npBMHiC  !g  VssA-\-kt  HpM  5— 
27H  pscnaAa  (nepiroe  3H8ReKHe)  h  no 
CpOAOeil  CKOpWTK  H8  BTAIie  ycKope* 
R(tx 

Tin  ^ 

190-230 

45,5 

45,5 
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npH  pacnaxe  ot  2—9  ao  4‘>M  (nepsoe 
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34,8 
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1)  Substance;  2)  Temperature  interval,  ®C;  3)  E,  Kcal/mole;  k)  Notes; 

5)  Picric  acidj  6)  E  determined  by  the  mean  valves  of  the  rate  at  5-50^ 
disintegration;  7)  Picrate  of  potassium;  8)  E  determined  by  combining  of 
curves  of  V  =  f  ('t);  9)  Picrate  of  ammonium;  10)  E  determined  by  the  mean 

rate  during  disintegration  from  3~11  to  45^  (first  valve)  and  by  the  tan¬ 
gent  of  the  angle  of  inclination  of  lines  of  log  (V-V©)  =  A  +  klT ; 

13 )  Picrate  of  lead;  12)  E  determined  by  the  tangent  of  the  angle  of  in¬ 

clination  of  lines  of  log  w  =  A  f  kf (first  valve)  and  by  the  mean  rate 
during  10-50$^  disintegration;  13)  StypFinic  acid;  14)  E  determined  by  the 
valves  of  the  average  rate  during  22-455^  disintegration;  15)  Monopotassium 
dtyphnate;  16)  E  determined  by  the  valve  of  the , rate  during  5-35%  dis¬ 
integration;  1?)  Disubstituted  styphnate  of  potassium;  18)  E  determined  by 
(see  following  page  for  continuation  <^f  Table  9) 


Continuation  Table  9 


the  tangent  of  the  angle  of  inclination  of  lines  of  log  ¥  «  A-t-  let# 
during  disintegration  (first  valve)  and  hj  the  mead  rate  on 

the  accelerr.tion  stage j  19)  Styphnate  of  ammonium}  20)  E  determined  • 
by  the  meart  rate  during  disintegration  frean  2-9  to  (first  valve) 
and  by  the  angle  of  inclination  of  lines  of  log  v  =  A  +  k%  ; 

21)  Styphnate  of  lead}  22)  E  determined  by  the  valve  of  the  rate 
during  30^  disintegration  (first  valve)  and  by  the  angle  of 
inclination  of  lines  of  log  V  =  A  +  « 

One  of  the  peculiarities  of  disintegration,  inherent  in  all  the  caapounds 
studied,  is  a  growth  in  rate,  even  the  absolute  rate,  in  time  on  a  significant 
portion  of  the  disintegration.  Fall  of  this  rate,  caused  by  a  decrease  in  the 
concentration  (and  in  the  given  case,  of  the  quantity)  of  reagents,  \diich  for 
reactions  of  the  usual  type  is  obseirved  from  the  very  beginning  of  disintegration, 
in  the  case  considered  set  in  relatively  late. 

Those  bri.ef  sections  of  drop  in  rates  which  were  observed  for  certain  of  the 
studied  substances  are  connected  not  with  a  decrease  in  the  quantity  of  reagents, 
but  vdth  a  temporary  decrease  in  the  role  of  the  factor  of  acceleration. 

Another  peculiarity  is  the  deceleration  of  disintegration  during  the  transi¬ 
tion  from  acid  to  salt.  This  circumstance  presents  definite  jjiterest  also  in  the 
plan  of  the  possibility  of  using  the  salts  of  the  acids  as  thermoresistant  sub¬ 
stances}  if  one  considers  the  great  induction  period  of  the  disintegration  of 
picrate  of  potassium,  the  initial  speed  of  its  decomposition  turns  out  to  be 
considerably  less  than  for  other  substances}  it  is  also  possible  to  combine 
picrate  of  potassium  with  oxygen  containing  salt  to  increase  the  osygen  balance 
and  heat  of  explosion  of  the  misture  obtained. 

If  one  were  to  characterize  the  deceleration  of  gas  formation  by  the  ratio 
of  the  "half -life"  of  the  salts  and  the  corresponding  acids,  then  it  constitutes, 
at  230®,  for  picrate  frean  1,5  (for  picrate  of  ammonium)  and  2  (for  picrate  of 
lead)  to  18  (for  picrate  of  potassium).  For  the  styphates  the  corresponding 


numbers  constitute  1.4  (ammonium),  5  and  6  (di-  and  monsubstituted  potassium  salt) 
and  3  (lead).  It  is  necessary,  however,  to  state  that  the  indicated  ration  are 
conditional,  since  the  law  of  the  change  in  rate  is  considerably  different  -  in 
particular,  for  picrate  of  potassium  the  great  half-life  is  in  significant  measure, 
determined  by  the  large  induction  period  preceding  the  growth  in  the  rate  speed. 
Besides,  in  view  of  distinctions  in  the  temperature  dependence  of  the  rate,  the 
ratio  of  the  "half-life ''  is  di.fferent  at  various  temperatures. 

Frcxa  the  regularities,  ccanmon  not  to  all,  but  only  to  part  of  the  compounds 
studied,  it  is  possible  to  indicate  the  phasic  nature  of  disintegration. 

As  a  matter  of  fact,  any  reaction,  proceeding  vdth  acceleration  can  be 
considered  to  be  phasic,  inasmuch  as  it  includes  a  stage  of  acceleration  and  a 
stage  of  drop  in  rate.  However,  such  phasic  nature  is  unavoidable  and  in  this 
•meaning  trivial. 

The  phasic  nature  of  disintegration  observed  for  the  studied  acids  and 
certain  of  their  salts,  has  a  different  and  unequal  character. 

In  general  the  basic  type  of  this  phasic  nature  can  be  considered  a  com¬ 
bination  of  two  stages  of  acceleration,  similar  to  that  observed  in  case  of 
styphnate  of  ammonium  (see  Fig,  12),  but  with  large  variations  both  in  magnitude 
of  acceleration  and  in  the  fraction  of  gas  formation  on  each  of  these  stages  and 
also  in  the  relative  time  of  their  flow.  In  certain  cases  at  the  beginning  of 
decomposition  there  is  observed  «n  induction  period,  were  (picrate  and  disubstituted 
styphnate  of  a  reverse  picture  is  observed. 

The  absolute  magnitude  of  the  initial  disintegration  rate  of  salts,  as  was 
already  noted  is  usually  less,  although  in  various  degrees,  than  that  of  the 
corresponding  acids.  Since,  however,  the  acceleration  for  the  salts  is  larger, 
at  a  definite  stage  of  disintegration  the  salt  and  acid  can  change  places, 
especially  if  one  were  to  consider  not  some  one  temperature,  but  the  whole 


t) 

interval  studied. 

The  temperature  dependence  for  acids  on  the  main  stage  of  disintegration  is 

sainll  and  is  characterized  by  an  activation  energy  within  the  limits  of  35  -  39 
re, 

keal/mole.  The  comparatively  small  constant  of  disintegration  rate  (for  picric 
acid,  for  example,  at  200®  k  =  6,3  •  10”'^  sec”^,  if  this  constant  is  calculated 
as  for  a  monomolecular  reaction)  is  caused  by  the  small  valves  of  the  pre-eDqjon- 
ential  multiplier. 

For  salts  the  dependence  of  the  rate  on  temperature  is  greater.  The  dif¬ 
ference  in  the  activation  energies  of  disintegration  of  salts  and  the  corres¬ 
ponding  acids  fflnall  for  styphnates  of  ammonium  and  lead  and  picrates  of  ammonium 
and  potassium,  but  more  significant  for  mono-  and  disubstituted  styphnates  of 
potassium  and  espicially  for  picrate  of  lead. 

The  increase  in  the  rate  in  time  in  many  cases  and  on  a  more  or  less 
significant  section  can  be  described  by  a  power  or  exponential  formula.  Some¬ 
times,  in  order  to  obtain  a  straight  line  in  these  coordinates,  one  must  subtract 
the  initial  value  of  the  rate  or  volume  of  gasiform  products. 

An  increase  in  m/v,  as  a  rule,  increases^  the  disintegration  rate,  usually 
^  more  strongly  on  the  second  stage  than  on  the  first,  obviously  as  a  result  of  the 

increase  in  the  pressure  of  gasiform  products  of  disintegration.  This  accelera¬ 
tion,  however,  differs  for  various  substances. 

iuted 


Dependence  Between  the  Kinetic  Peculiaidties  of  Disintegration  of  Flcric  and 


One  of  the  premising  problems  of  the  investigation  was  the  explanation  of 

I  For  picric  acid  and  the  picrate  and  styphnate  of  aesaonium  an  increas  in 
m/v  leads  to  a  certain  deceleration  of  gas  formation  on  its  initial  stage. 


the  presence  of  a  possible  conformity  between  the  properties  of  the  investigated 
substances  with  respect  to  their  flash,  inflammability,  and  burning  on  the  one 
hand,  and  slow  thermal  disiritegration  on  the  other. 

Consideration  of  the  question,  however,  is  hampered  by  the  circumstance  that 
up  till  now  the  flash  of  picric  and  styphnic  acids,  and  espically  of  their  salts, 
has  been  studied  insufficientlyj  in  known  measure  this  applies  also  to  burning  — 
in  this  respect  there  are  no  systematic  data  for  the  picrate  and  styphnate  of 
ammonium,  nor  for  styphnic  acid,  itself. 

Due  to  this  the  comparison  of  characteristics  of  different  forms  of  chemical 
transformation  of  the  studied  substances  has  the  character  of  a  preliminary  to 
obtaining  fuller  data  on  flash  and  burning. 

Conformity  between  kinetic  characteristics  and  flash  could  be  expected  in 
two  aspects  ~  temperature  of  flash  should  be  the  lower,  the  bigger  is  the  constant 
of  the  disintegration  rate^j  delay  time  should  be  larger  for  substances  with 
strongly  expressed  induction  periods  or  periods  of  acceleration  of  decomposition, 
and  besides  for  such  substances  the  interval  between  the  temperature  at  which 
flash  does  not  occur,  and  the  temperature  of  flash  with  a  certain  small  delay 
should  be  relatively  great. 

Further,  one  could  compare  kinetic  characteristics  and  intensity  of  flash, 
although  this  last  depends  in  larger  measure  on  reg\alarities  of  burning  (burning 
rate  at  increased  temperatures  and  its  dependence  on  pressure)  than  directly  on 
the  kinetics  of  slow  disintegration, 

A  certain  conformity  between  disintegration  rate  and  minimum  temperature  of 
flash  is,  indeed,  outlined.  Thus  styphnic  acid,  even  with  a  lesser  sample  (40  mg, 

1  More  precisely,  the  speed  of  heat  emission.  It  is  assumed,  however,  that 
the  speed  of  heat  emission  is  emission  is  proportional  to  the  disintegration  rale 
or  speed  of  gas  fonnation,  which  directly  characterized  the  disintegration  rate 
in  the  present  investigation. 


atarbs  to  give  flash  at  a  lower  taaperature  than  picric  acid  (ICX)  mg).  The 
ainimm  temperature  of  flash  of  piorate  of  potassium  (20  mg)  lies  hi^er  than  that 
of  atyphnate  of  potassiim  or  picrate  of  lead. 

There  are  still  less  data  on  the  inflammability  of  the  studied  substances.  ' 
It  is' possible  only  to  turn  attention  to  the  high  inflammability  of  atyphnate  of 
lead,  possibly  connected  with  the  great  speed  of  its  combustion  and  the  corres¬ 
pondingly  small  thickness  of  the  heated  layer.  There  is  a  doubt  that  it  is 
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possible  to  characterise  it,  in  the  given  case-,  as  for  a  secondary  explosive,  by 
the  critical  diameter  for  burning. 

The  minimum  speed,  starting  from  which  the  burning  of  many  quick-burning 
explosives  is  possible,  is  very  great  as  compared  with  that  observed  for  secondary 
explosives.  Besides,  the  experiments  of  Fogel'sang  showed  that  an  increase  in 
the  diameter  of  the  charge  for  the  hydrate  of  picrate  of  lead  from  4  to  7  does 
not  lower  the  critical  presstire  for  burning.  Finally,the  dii-ect  determination  of 
inflammability  was  hampered  by  the  fact  that  some  of  the  explosives  studied  do 
not  burn  at  atmospheric  pressure. 

With  a  comparison  of  the  kinetics  and  characteristics  of  burning  one  could, 
in  the  first  place,  explain  vdiether  there  is  conformity  between  burning  rate  and 
disintegration  rate.  With  an  identical  type  of  burning,  the  bigger  the  disinteg¬ 
ration  rate  the  bigger  should  be  the  burning  rate.  With  this  one  ought  to  consider 
also  the  temperature  dependence  of  the  disintegration  rate:  if  for  two  substances 
the  speed  of  their  decomposition  at  a  certain  temperature  the  courses  of  a  slo^^ 
process  are  identical,  but  depend  differently  on  temperature,  than  with  the 

i 

stronger  dependence  the  disintegration  rate  at  high  temperature,  and  consequently, 
the  burning  rate,  should  be  greater.  •  > 

Further,  it  was  possible  to  ccanpare  the  kinetics  and  susceptibility  of  ibub-  ' 

d  i 

stances  to  burning,  as  characterized  by  the  minimum  pressure  or  Bcm  other  critical 

^  I 


parameter  of  biiming.  Finally,  one  could  seek  a  relationship  between  the  kinetics 
and  the  dependence  of  the  burning  rate  on  pressure  and  on  initial  temperature. 

We  win  start  from  magrJ.tude  of  burning  rats.  It  is  known  that  in  this 
respect  there  exists,  at  least  at  low  pressures,  a  sharp  distinction  between  the 
slowly  burning  picric  acid  and  its  ammoniiua  salt  and  the  fast-burning  picrate  of 
potassium  and,  espeically,  picrate  of  lead.  No  conformity  to  this  distinction  is 
detected  during  comparison  of  the  disintegration  rates  of  these  compounds,  Picrate 
of  potassium  is  deccanposed  significantly  slower  than  picric  acid,  and  besides  the 
temperature  dependences  of  their  rates  are  close,  Picrate  of  lead  is  decomposed 
slower  than  picric  acid;  it  is  true  that  the  temperature  coefficient  of  its 
decomposition  rate  is  great  and  correspondingly  one  could  expect  faster  disinteg¬ 
ration  of  the  picrate  at  high  temperatures,  Howe'  "  as  can  be  seen  by  the  example 
of  the  styphnates,  this  approach  is  not  jv  ■’fien 

One  cannot  make  a  comparison  with  styphnic  acid  with  respect  to  kinetics  and 
burning  rate,  since  the  characteristics  of  burning  of  the  acid  are  not  determined 
with  sufficient  reliability.  However,  styphnate  of  ammonium  bums  very  slowly,  and 
styphnate  of  lead  very  fast .  At  the  same  time  both  the  disintegration  rate  of 
styphnate  of  lead  and  also  its  temperature  dependence  are  noticeably  less  than 
those  for  styphnate  of  ammonium. 

The  absence  of  confoirmity  between  the  disintegration  rate  and  burning  rate  of 
the  acids  and  their  salts  could  be  connected  with  differences  in  volatility,  more 
accurately  in  relative  capability  for  exothermal  reaction  in  the  condensed  phase, 
Hov/ever,  no  such  distinction  is  detected  during  comparison  of  the  nonvolatile 
salts  with  each  other.  Thus  styphnate  of  lead  is  decomposed  slower  than  both  the 
styphnates  of  potassium,  but  bxxrns  significantly  faster  than  they  do.  Picrate  of 
potassium  burns  (at  20  atm)  even  somevdiat  faster  than  picrate  of  lead  but  it  is 
decanposed  (at  atmospheric  pressure)  significantly  slower. 


No  conformity  is  detected  between  the  characteristics  of  burning  of  substances 
and  their  slow  disintegration  in  the  case  when  the  latter  is  evaluated  by  the 
temperature  dependence  of  the  rate  or  by  the  character  of  the  kinetic  curve.  "Oius, 
if  the  disintegration  rate  of  picrate  of  lead  depends  significantly  more  strongly 
on  temperature  (in  comparison  with  picric  acid),  then  to  say  this  about  the 
styphnates  of  lead  and  ammonium  is  impossible,  .  If  fast-burning  picrate  of 
potassium  is  decaaposed  with  a  significant  induction  period,  just  as  disubstituted 
styphnate  of  potassium,  then  for  the  still-faster  burning  styphnate  and  picrate  of 
lead  no  induction  period  is  observed.  The  same  can  be  said  in  comparing  the  degree 
of  self -acceleration  of  disintegration  and  the  influence  of  m/v  on  its  course. 

If  as  a  characteristic  of  burning  we  use  not  the  rate,  but  the  ability  of 
substance  to  bum,  then  aJ.ao  no  clear  dependence  is  detected  between  this  ability 
and  the  characteristics  of  slow  disintegration.  Of  the  studied  substances  (with 
respect  to  their  ability  to  burn)  styphnate  of  lead  burns  easiest  of  all  at  the 
smallest  pressure  (0.02  atm)  and  the  most  difficult  of  all  -  picrate  of  lead 
(].8  atm),  Picrate  of  lead  is  deconposed  (at  230®)  6  times  slower  than  the 
styphnate^;  this  could  be  connected  with  its  smaller  ability  to  bum.  However, 
disubstituted  styphnate  of  potassium  burns  with  more  difficulty  (from  3  atm)  than 
monosubstituted,  although  the  disintegration  rate  of  the  first  is  larger  than  that 
of  the  second. 

No  conformity  is  revealed  betvreen  burning  rate  and  ability.  At  20  atm  it  is 
true,  8t3rphnate  of  lead  and  monosubstituted  styphnate  of  potassium  burn  faster 
than  the  other;  for  them  the  mininium  pressure  is  low.  However,  picrate  of 
potassium  and  picrate  of  lead  bum  with  almost  identical  speeds  but  are  strongly 
distinguished  in  ability  to  bum.  We  will  add  further  that  the  monohydrate  of 

i  It  isnecessary,  however,  to  mention  that  the  data  on  burning  refer  to 
the  monohydrale  styphnate  of  lead,  and  those  on  deccanposition  -  to  the  dehydrate 
substance. 


picrate  of  lead  burns  no  worse  than  the  dehydrate,  and  besides  its  burning  rate  is 
even  greater. 

Till  now  we  have  attempted  to  compare  the  characteristics  of  different  forms 
of  chemical  transformation  of  the  studied  substances  somewhat  formally  in  order, 
if  succeasfiil  in  detecting  such  a  conformity,  to  pass  to  consideration  of  its 
physical  meaning. 

If  one  were  to  approach  the  matter  sranewhat  differently  and  to  imagine  what 
connections  it  was  possible  to  expect,  then  besides  the  natural  parallelism  be¬ 
tween  disintegration  rate  and  burning  rate  one  could  assume  the  following 
regularities: 

a)  The  greater  the  temperature  dependence  of  the  disintegration  rate,  the 
easier  and  faster  must  the  explosive  burn,  since  during  burning  heating  goes 
undoubtedly  to  higher  temperatures  than  during  the  experiments  conducted  on 
decomposition.  This,  however,  is  not  observed  (picrate  of  lead,  disubstituted 
styphnate  of  potassiiimj  on  the  contrary,  styphnate  of  lead,  with  a  small  tempera- 
txire  dependence  of  the  rate  of  thermal  disintegration,  bums  easiest  of  all; 

b)  If  the  initial  stage  of  disintegration,  leading  very  probably  to  dis¬ 
persion  of  substance,  is  only  \\reakly  exothermic,  then  an  excessive  of  speed  it, 
not  reinfc-rced  by  an  exothermic  processes  proceeding  near  at  hand,  can  hamper 
propagation  of  the  process;  however,  if  the  smaller  burning  ability  of  picrate  of 
lead  and  disubstituted  styphnate  of  potassium  could  be  explained  thus,  then  this 
explanation  is  difficult  to  extend  to  the  remaining  studied  salts; 

c)  With  a  large  induction  period  substance  can  be  heated  and,  being  heated, 
reacts  faster;  in  this  concept  a  large  induction  period  must  relieve  propagation 
of  burning;  this,  however,  is  not  observed,  and  styphnate  of  lead,  decomposed 
without  a  noticeable  induction  period,  bums  easier  than  picrate  of  potassium, 
which  has  the  biggest  induction  period. 


I  In  general  to  find  such  line  of  thermal  disintegration,  which  would  explain 
j  the  peculiarity  of  their  burning,  is  not  found  for  all  the  studied  conpounds. 

It  may  be  that  this  is  connected  with  the  fact  that  during  burning  the  speed 
of  heat  emission  is  signf-ficant  but  it  should  not  necessarily  be  identical  to  the 
speed  of  gas  generation,  which  characterizes  thermal  disintegration. 

It  is  possible,  however,  that  conformity  is  absent  for  a  deeper  cause, 
consisting  in  the  fact  that  the  reactions  determining  propagation  of  burning  are 
not  those  or  not  only  those  on  \diich  the  course  of  slow  disintegration  depends. 

In  particular,  in  reference  to  burning  with  dispersion  it  is  possible 
to  suppose  that  particles  will  be  formed  as  a  result  of  a  little-exothermic 
reaction  and  then  continue  to  react  in  form  of  burning  from  the  surfact  in  the 
gases  surrounding  them.  The  main  heat  input  provoking  dispersion  of  a  new  lay^r 
is  determined  by  precisely  the  reactions  of  burning  of  particles j  dispersion  is 
not  a  leading,  but  a  dependant  stage  of  the  process  and  in  this  meaning  relatively 
little  affects  the  possibility  of  burning  and  the  speed  of  its  propagation.  How¬ 
ever,  dispersion  also  can  show  an  influence  on  the  rate  of  the  process:  if  the 
particles  obtained  are  large  then  time  of  their  combustion  becomes  larger  and 
there  is  equivalent  deceleration  of  heat  emission  and  consequently  of  burning. 

The  conformity  between  bxxrning  rate  of  suspension  and  speed  of  disperision 
should  be  known;  if  the  latter  is  too  great,  then  particles  do  not  burn  or  bum 
too  far  from  the  surface  of  the  explosive  transmit  too  little  heat  to  it,  and 
therefore  burning  is  not  propagated.  An  increase  in  presewe,  accelerating  the 
burning  of  particles,  strongly  increases  the  speed  of  displacement  of  the  front  of 
burning  and  transfers  the  zone  of  heat  emiseion  more  and  sore  into  the  cosdsiised 
phase.  When  this  transition  is  accsmplished,  a  fui*ther  inci^^ase  la  pressure 
not  accelerate  baraingj  if,  however,  the  p-siforsa  products  are  caiable  of  esbther- 
ml  reactions,  then  pressure  shows  the  same  effect  on  these  reactlms  and  m 


burning  rate  i«Mch  it  produces  in  care  of  secordary  exploeivea 


Concluaions 

1.  The  kinetics  of  alow  therznal  disintegration  of  araaonium,  potassium  aiui 
lead  salts  of  picric  and  styphnic  acids  are  studied, 

2.  The  disintegratim  of  all  the  studied  substances  has  a  self -accelerated 
multistage  character,  different  for  various  substances,  schematically  depicted  in 
column  3  of  Table  8. 

3.  The  disintegration  rate  of  all  salts  of  a  given  acid  in  the  studied  region 
of  temperattures  is  on  the  i»diole  lovrer  than  the  disintegration  rate  of  the  acid  it¬ 
self, 

4.  Potassium  salts  are  disintegrated  slower  than  lead  salts,  which  in  turn 
are  deccanposed  slower  than  amonium  salts. 

5.  The  temperature  coefficients  of  disintegration  rate  for  salts  are  in 
general  greater  than  those  for  the  corresponding  acids;  picrate  of  lead  has  an 
e5jf.ecially  great  temperature  coefficient  of  disintegration  rate, 

6.  The  disintegration  rates  of  styphnic  acid  and  its  salts  are  significant 
larger  than  those  of  picric  acid  arci  its  corresponding  salts;  the  "half-life "  at 
230®  for  styphnic  acid,  atyphnate  of  ammonium,  monosubstituted  styphnate  of 
potassium,  disubstituted  styphnate  of  potassium,  and  styphnate  of  lead  constitute 
correspondingly  45>  65,  260,  210  and  143  min,;  for  picric  acid  and  its  ammonium, 
potassium,  and  lead  salts  they  are  470,  720,  8600  and  920  min.  The  strongly 
increased  "half-life "  of  picrate  of  potassium  is  paHially  connected  with  the 
large  induction  period  observed  during  its  decomposition, 

7.  No  clear  conformity  is  detected  between  the  kinetic  characteristics  of 
disintegration  of  the  studied  explosives  and  their  ability  to  bum  or  their  rate  of 
burning. 


3.  HTpothssat  &r<»  about  th«  iMohaniai  of  burning  of  quiek-busming 
•ubstanoat;)  asqplaining  the  potsibiHty  of  abtemea  of  a  decitlTe  isfluenea  of  the 
rate  of  theraal  disintegratiaai  c»^  burning  rate  and  burning  ability. 
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A.  A.  Shidlovskiy 

25.  Thermal  Decomix>8ition  of  Ammoniian  Nitrate 

Ne  Icnow  a  number  of  substances  which  accelerate  /"3_7>  Z~5_7,  or 

delay  /~1_7,  /~2_7  themial  decomposition  of  anmonium  nitrate.  Ne  laiow  also  that 
the  speed  of  thermal  decomposition  of  airai’onium  nitrate  significantly  increases 
after  destruction  of  its  crystal  lattice  (t^^.  NH4NO3  169®)  and,  consequently, 
the  most  energetic  process  of  decomposition  proceeds  in  a  liquid  -  a  fusion  of 
ammonium  nitrate. 

Earlier,  v;e  indicated  £uj  that  the  most  active  catalysts  for  acceleration 
of  thenral  decomposition  of  a  fusion  of  ammonium  nitrate  are  con;pounds  of  hexa- 
valent  chrome:  chror.e  trioxLde  (CrC^)  and  bichromates  or  chromates  of  potassiiuB 
or  sodiiun.  However,  the  experiments  we  conducted  showed  that  at  t®  =  200®  for 
full  decomposition  for  the  duration  of  3  -  6  minutes  of  a  small  quantity  (l  g)  of 
ajiS-.ionium  nitrate  a  significant  catalyst  content  is  req\iired  (2  -3/-  of  the  weight 
of  decomposable  substance), 

VJith  a  smaller  catalyst  quantity  (L'iJ)  intense  decomposition  of  aramoniiun 
nitrate  did  not  occur,  and  losses  in  v/eight  after  the  same  time  with  that  sai.e 
ter.iperature  did  not  exceed  2  -  3^. 

It  was  interesting  for  us  to  establish  how  catalysts  behave  \dth  a  aign?* 
ificantly  increased  weigtied  amount  of  a  fusion  of  ammonium  nitrate,  and  precisely 
10  and  50  g,  In  all  experiments,  ammonium  nitrate  was  heated  in  an  air  bath  to 
200  3®  (external  shell  of  the  air  bath  was  heated -in  a  sand  bath). 


Ae  a  reservoir  for  the  fusion  during  the  experii^ts  ndthl  g  served 

a  test-tube  15  m  in  diioeter,  idtb  10  g  -/test-tube  35  am  in  dlaneter  and  with 
'  50  g  -  a  1^9  60  am  in  diaiaeter. 

After  bringing  the  temperatxire  of  the  fusi<m  to  200®  on  its  surface 

was  ix>ured  a  weighed  amount  of  powder  CrO^  or  K2Cr20^  in  a  quantity  from  0.01  to 
0,3  g.  After  1-2  minutes  there  occurred  dissolution  of  the  catalyst,  and  then 
with  a  sufficient  quantity  of  it,  there  started  vigorous  deccanposition  of  the 
nitrate,  accompanied  by  strong  gas  formation  and  significant  foaming  of  the 
liquid.  The  toaperature  of  the  fusion  was  then  increased  (in  experiments  from 
50  g  “  to  290  -  320®)  and  in  connection  with  this,  the  composition  of  the  products 
of  decomposition  chan.^ed:  instead  of  the  colorless  nitrous  cadde  emanating  in  the 
beginning,  there  appeared  brown  nitrogen  peroxide j  the  idiole  process  'f  <?wCom- 
position  was  finished  in  6  -  6  minutes  and  on  the  bo&tom  and  the  walls  of  the 
vessel  remained  only  a  thin  brange -brown  deposit  of  chrome  compounds, 

V/ith  an  insufficient  catalyst  quantity  it  succeeded  in  being  distributed 
evenly  on  the  entire  mass  of  the  fusion,  the  fusion  vias  colored  m  even  light- 
orange,  and  more  phenomena  were  not  observed. 

Besides  visxxal  monitoring,  the  loss  in  weight  of  ajnamium  nitrete,  occurring 
after  its  decomposition  was  determined.  The  results  of  the  experiments  are  in  the 
table . 

As  can  be  seen  from  the  table,  the  quantity  of  the  catalyst,  necessaiy  for 
fujJ.  decomposition  of  the  fision  ,  does  not  grow  proportional  to  the  wei^t 

of  the  latter,  but  significantly  slower.  Thus  for  deccmpositicm  of  1  g 
it  is  necessary  to  introduce  0.02  g  of  CrO^,  i.e.  2%,  end  for  decomposition  of 
50  g,  the  entire  0,05  g  or  0.1^  of  the  weight  of  the  nitrete.  In  a  somewhat  lass  , 
sharp  form,  the  same  is  observed  also  for  potassisli-bichrcmat®,  ' 


5  rC‘i^  '  ► 


Thesml  decomposition  of  ammonium  nitrate  mth  cataiytical 
addition-compounds  Cr(VI)  -  at  a  temperature  of  200  +  3®. 
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•)  Weighed  amotint  of  catalyst,  grams;  b)  Loss  in  weight  of  in  % 

after  6  minutes  at  the  weight  of  the  liision  (in  parentheses  the  Jf  of  the 
catalyst  is  shown;  o)  grams. 

In  experiments  with  a  50  g  fusion,  intense  decomposition  of  the  nitrate 
started  even  up  to  even  distribution  of  the  catalyst  on  the  entire  mass  of  the 
substance.  Consequently,  with  a  large  mass  of  the  fusion,  the  action  of  the 
catalyst  of  which  is  less,  but  the  absolute  qiiantity  is  more)  in  a  significant 

measure  is  local;  obviously,  the  main  moment  for  excitation  of  violent  decomposition 
of  NH^NO^  is  the  creation  in  the  fusion  of  a  zone,  in  which  there  woi^  be  a 
sufficiently  large  concentration  of  catalj'at. 

It  is  possible  to  assume,  although  for  technical  reasons  we  could  not  conduct 
corresponding  experiments,  that  for  full  decomposition  of  tens  and  even  hundreds 
of  Itg  of  NH/^NO^  heated  to  200®,  it  will  be  sufficient  to  introduce  into  it,  con¬ 
centrated  in  one  place,  2  -  3  g  of  the  above  mentioned  catalysts  for  triggering 
in  the  fusion  a  focus  of  intense  decomposition,  idiich  then  will  extend  on  the 
entire  mass  of  the  nitrate.  V/e  will  indicate  also  that  upon  introduction  in 
anmonium  nitrate  of  certain  substances  (for  example  Nj^O^  or  others),  lowering 


ita  melting  temperAture^  the  fualcm  obteinad^  probably^  can  beccuae  sensitive  to 
the  influKice  of  catalysts  of  decomposition  in  a  range  of  lower  t«Qiperattire8;i 
namely  160  -  140®, 
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III.  BURNING  AND  FLASH  OF  EXPLOSIVES 
K.  K.  Andreyev 

26.  Concerning  the  Question  of  the  Factors  Determining  the  Dependence  of 
'  Ihe  Burning  Rate  of  Explosives  on  the  Initial  temperature  And  “Pressure 

General  considerations 

It  is  known  that  for  solid  fuel,  applied  in  a  semiclosed  volume,  the  small- 
est  dependence  of  burning  rate  on  initial  temperature  and  pressure  is  desirable. 

If  burning  rate  grows  proportionally  with  pressure  or  faster,  then  such  fuel  can¬ 
not  be  used  in  the  noted  conditions.  The  value  of  the  dependence  of  biorning  rate 
on  pressure  and  on  temperature  is  seen  graphically  from  the  equation  of  balance  of 
intake  of  gas  during  burning  and  its  discharge 

(1) 

where  Uj^  —  mass  biucning  rate; 

S  —  sxxrface  of  burning  charge  j 

—  plane  of  critical  section  of  nozzle j 
A  —  coefficient  of  expenditure; 
p  —  pressure  in  chamber. 


If  we  express,  as  is  frequently  done,  the  dependence  of  burning  rate  on 
initial  tenqjerature  and  pressure  by  the  empirical  relationship 

(2) 

where  B,  A  and  B  are  constants,  then  putting  (2)  in  (1),  we  obtain 

aiiF 


(2a) 


Deterjnining  from  (2a)  equilibriian  pressiire,  we  have 

-  f  «  (3) 

Fran  equation  (3)  it  is  clear  that  the  dependence  of  equilibrima  pressure  on 

pyauaeters/ 

charge  and  chazaber/  is  determinad  by  the  dependence  of  burning  rate  on  jareasure 
(through  quantity  v). 

The  dependence  of  equilibrium  pressure  on  initial  teinperature  is  stipulated 
not  only  by  the  dependence  of  burning  rate  on  ten^rature,  but  adso  similtaneously 
fcy  its  dependence  on  pressure.  Indeed,  from  (3) 

AL.X — j_  (4) 

f  1— « 

In  other  words,  the  relative  change  of  equilibrium  pressure  during  a  change  of 

initial  tenqjerature  of  the  fuel  is  determined  both  by  its  influence  on  burning 

rate  (through  the  second  multiplier),  and  also  by  the  dependence  of  burning  rate 

on  pressure  (through  the  first  multiplier). 

We  will  imagine  two  fuels  whose  biaming  rate  depends  equally  on  teinperature, 

increasing  twice  with  its  increase  by  100®,  if  their  v  one  different,  pressure 

during  burning  in  a  semiclosed  volurae  with  this  change  of  twaperature  will  grow 

by  a  various  number  of  times.  If,  for  exanq>le,  v,  =  0,5,  and  v  «  0,75#  then 

2 

pressure  will  be  increased  by  4  and  16  times  respectively,  Tlierefore  the 
search  for  a  fuel  vdth  a  small  dependence  of  burning  rate  on  temperature  is  of 
practical  interest  only  in  that  case  when  this  will  not  lead  to  an  increased 
dependence  of  burning  rate  on  pressure.  In  supplement  to  the  aoove  cue  should 
make  precise  that  meaning  vMch  is  contained  in  the  concept  "dependence  of 
burning  rate  on  pressure".  If  we  consider  thie  dependence,  as  was  done  above. 


in  the  U8\ial  form 


then  of  the  two  magnitudes,  determining  magnitude  of  velocity  at  a  given  pressure, 
only  one  is  essential  for  equilibrium  during  burning  in  a  semiclosed  vol\ame.  In 
reality  the  baric  coefficient  of  burning  rate 

i!!>L.±_!3En„,± 

dp  Mn  P 

at  a  given  pressure  depends  only  on  magnitude  v,  and  not  on  , 

We  will  defiiie  now  the  temperature  coefficient  of  burning  rate.  This  can  be 
done  in  two  ways.  If  we  take,  according  to  Belyayev  and  Zeldovich  t 
exothermal  reactions  will  go  only  or  chiefly  in  the  gaseous  phase  and  that  burning 
rate  correspondingly  is  determined  by  a  reaction  proceeding  at  a  temperature 
practically  equal  to  the  tan^rature  of  burning,  then  the  dependence  of  rate  on 
the  temperature  of  burning,  and  through  it  on  the  initial  temperature,  can  be 
expressed  by  the  relationship 

(7) 


ii.-iTfe;*"'. 


Where  Tv.  — temperature  of  burning,  connected  with  the  initial  temperatwe  T^  by 


the  relationship 


0 


(8) 


in  which  Q  is  the  thermal  effect  of  burning,  cp  is  the  average  heat  capacity 


of  products  of  biurning  from  T^  to  T^,  and  k  is  a  constant  whose  value  depends  on 
the  order  of  the  reaction  and  for  a  mononolecular  reaction  equals  3/2. 


From  (7)  we  have 


dUu  1 


•m 


(9) 


From  (9)  is  clear  that  temperature  coefficient  of  burning  rate  should  decrease 
with  grovrth  of  initial  temperature,  although  insignificantly  With  this  it  is 
the  less,  the  higher  is  the  temperatxire  of  burning  and  the  less  the  activation 


of/  ^ 
/  bxirning. 


Change  of  initial  temperature  cannot  be  large  as  coogsared  to  tenq)erature 


energy-  of  the  leading  reaction.  This  msans  that  for  cub8t4BSge8  id.th  a  high  burn¬ 
ing  rate  the  coefficient  shown  should  be  less  than  for  substar.oes  with  a  low  rate, 
since  a  high  rate  of  bujfning  signifies  high  teEgssrsture  of  the  course  of  the 
leading  reacticsi  cxr  a  i<»f  energy  of  its  activatic«i,  or  both  together. 

An  alternate  inethod  of  appraisal  of  dependence  of  burning  rate  on  tan^serature 
is  based  on  this,  also  following  Zeidovich  £  ^,/ta^itEa  burning  rate  to  be 
determined  by  speed  of  propagation  of  the  thermal  wave  created  by  the  reaction  in 
the  condensed  jdiasaj  then  its  dependence  on  teisperattire  will  be  expressed  by  the 
relationship 

1 

ttaaa  ■>  i.'...— — — • 


vrfiere  u  —  buiviing  rate,  equal  speed  of  thermal  wavej 
p"  —  density  condensed  phase  j 
c*p —  its  heat  capacity} 

T,  —  maximum  temperature,  to  \daich  there  can  be  a  condensed  jdiase; 
in  case  of  volatile  substances  —  boiling  point} 

if  coefficient  of  themBl  capacity  of  condensed  phase} 

Q'  —  thermal  effect  of  reaction} 

A'  —  pre-exponential  factor  in  the  expression  for  reaction  rate  in 
the  condensed  pdiase; 

S*  —  activation  energy  of  reaction  in  condensed  phase. 

Designating 


we  will  obtain 
form 


r 


thi'OXIgh 


the  dependence  of  burning  rate  on  initial  temperature  in  the 


This  expression  is  similar  with  that,  which  flows  fraa  the  hypothesis  of 
Mikhelson  and  MaHysr — Le  Chattell®  it  i®  known,  considered 


propagation  of  burning  to  be  a  result  of  heatup  by  gaseous  products  of  burning  of 
unreacted  substance  to  a  certain  critical  temperatiu'e,  analogous  to  the  t«*inp8r- 
attire  of  flash.  Vfell-grounded  and  constructive  criticism  of  this  hypothesis  as 
the  universal  mechanism  of  burning  is  given  in  the  works  of  Ya,  B,  Zeldovich  and 
D.  A.  Frank-Kamenetskiy  CQ * 

Reality  of  first  or  second  mechanism  of  Zeldovich  in  the  concrete  case  is 
determined  by  the  properties  of  the  substance  and  the  conditions  xmder  vr.ich 
burning  occurs.  If  the  substance  is  lov^volatile,  then  this  favors  flow  of 
reaction  in  the  condensed  phase.  Reaction  rate  in  the  gaseous  phase  depends  on 
the  presstire,  under  vdiich  burning  occurs,  since  it  is  proportional  to  pressure 
in  the  first  (monomolecular  reactions)  or  higher  degree.  By  this  cause  it  is 
possible  to  imagine  such  a  case,  vdien  at  low  pressures  processes  in  the  condensed 
phase  have  the  predominant  significance,  but  at  higher  ones  —  in  the  gaseous 
phase. 

Apparently  the  burning  of  unitary  fuel  on  the  based  on  nitrocellulose  and 
liquid  nitro  esters  represents  just  such  a  case.  At  very  low  pressures  the 
burning  rate  does  not  depend  on  pressxire  This  shows  that  the  gaseous  phase 

reaction  is  not  leading  in  these  conditions. 

In  the  area  of  moderate  pressures  (atmospheres)  the  burning  rate  depends  so 

strongly  on  temperature  that  calculation  by  formula  (7)  leads  to  unreally  high 

values  of  activation  energy.  Side  by  side  with  this  the  temperature  coefficient 

of  burning  rate  increases  with  an  increase  of  initial  ten^erature,  vfhich  is  in 

contradiction  with  dependence  (7)  and  agrees  with  expression  (10a).  Finally,  the 

increase  / 

teraperattire  coefficient  of  speed  depends  on  pressure,  decreasing  an/  in  the  latter, 
which  is  again  impossible  to  coordinate  with  dep8ndence(7).  All  this  forces  us 
tc  assume  that  at  low  pressures,  especially  if  the  initial  temperature  of  the 
fuel  is  high,  the  burning  rate  is  determined  by  reaction  in  condensed  phase. 


but  at  high  preseuras  — basically  in  the  gaseous  phase*. 

In  the  intenaecLUte  region  ^opagation  ot  burning  is  determined  by  the  total¬ 
ity  of  the  processes  occurring  in  both  pdiases:  the  lower  the  pressure,  the  greet¬ 
er  the  role  played  by  transformation  in  the  condensed  phase,  and  vice-versa. 

For  those  conditi<xis,  relationship  (10a)  is  correct,  the  temperature  coefficient 
of  burning  rate  is  determined  by  the  expression 


(11) 

1 

rfT*  *  ff  T^—Ti 


Analysis  of  Experimental  Data 

V/e  will  txy  to  compare  experimental  data  with  the  general  cwisidorations 
considered  in  the  preceding  section. 

In  connection  with  by  the  fact  that  the  existing  theory  of  Zeldovich  and 
Belyayev  considers  burning  of  individual  chemical  compounds,  wo  will  take  as  a 
basis  for  coaparison  data  obtained  for  a  series  of  explosives  belonging  to  lose 
classes  of  chemical  substances  (nitro  esters  and  nitro  coo^Ksunds),  to  which  the 
main  components  of  conten?)orary  unitary  fuels  belong.  Further,  at  atmospheric 
and  moderately  increased  pressures  the  process  of  burning  oi*dinarily  can  be 
complicated  by  secondary,  unconsidered  inf luences (outward  thermal  losses,  vari¬ 
able  inccHapleteness  of  reaction,  remoteness  of  zone  of  maximum  tenqyerature  from 
burning  surface,  etc).  Therefore  the  main  deterxainations  for  the  ostablishimsnt 
of  dependence  of  btiming  rate  on  pressure  were  conducted  at  pressures  higher  than 
50  and,  in  insjiy  cases  up  to  1000  atm. 

The  main  problem  in  the  caparison  of  experimental  results  with  conclusions 
of  theory  was  checking  the  accuracy  of  the  latter.  If  one  can  confirm  this 
accuracy,  even  in  certain  simplest  conditions  —for  example,  at  high  pressures 
and  for  individual  compounds —  then  the  very  sajmv  theory  would  receive  taore 
dj^rable  support,  than  It  has, today,  and  this  would  £Llow  to  mike  the  follc^dng 


step  to  the  descriptim  of  the  burning  of  raalticcenponent  systems  and  to  the 
calculation  of  those  disturbances  that  are  stipulated  by  lowering  of  pressure. 

Results  of  investigation  of  the  dependence  of  burning  rate  on  pressure  for 
a  series  of  studied  substances  one  given  in  Table  1  and  are  graphically  presented 
in  Fig.  1. 

Table  1 

Dependence  of  burning  rate  of  certain  explosives  on  pressure 


SsSHiBYXTOe 

1 

Khtcpmx 

JUiueiwa 

MM 

j  «  ^opuyjie  ¥Bp  * 

CxOpOCTfc 

T 

npNldO  am 
tlejfituc 

■iniCTBO 

A 

B 

<» 

S  TgMTM 

30-950 

^0,04 

0,^16 

1 

0,76 

(  nnCpHBOMM  XHCBOTS 

25-030 

0,14 

0.00805 

1 

0,95 

7  Teiifiyt 

10-260 

0.0 

0,0630 

0,095 

1,55 

t  rexcorcH 

lOO-IOOC 

0.90 

0,0216 

1 

3,06 

1  ilM» 

20—100 

0,12 

0,00912 

1 

1,02 

/6Tm 

15-750 

0.0 

0,0193 

1 

1,93 

If  HSTporJtRWQXi.  XOa^NMK* 
pauuKull  ($7:3) 

IH50 

0,075 

0,0315 

f 

1 

3,22 

IX  HM:^orjiHaepHH  acuxTHSH. 
pOMMRul  (95:5) 

10-320 

0.8 

0,0592 

1 

6,72 

2  2 
^  Ujj^  expressed  in  g/cm  sec  ,  and  p  in  kg/  cm  . 

1)  ]Ibq)losivej  2)  pressure  range  atm;  3)  Value  of  coefficients  in 
the  formula  Uj«  «  A  +  Bp^  4;  Burning  rate  u  at  100  atm,  g/cm^sec; 

5)  Trotyls  6)  Picric  acidj  ?)  Tetrylj  8)  Helogenj  9)  D^ej  10)  PETNj 
11)  Nitroglycol,  gelatinous  (97j3)j  12)  Nitroglycerin, 

gelatinous  (95:5). 


f/e  see  that  for  almost  all  substances  dependence  of  burning  rate  on  pressure 
in  the  studied  interval  of  the  latter  is  near  to  linear j  with  this,  in  many  cases 
especially  for  volatile  and  slowly  decomposed  substances,  member  A  in  the  esqpr- 
ession  Ujj,  A  +  Bp»’is  near  to  zero,  but  yis  near  to  1,  so  that  the  dependence 
shown  is  turned  into  a  direct  ratio.  From  the  point  of  view  of  the  theory,  such 
a  result  means  that  a  bimolecular  reaction  is  leading  during  burning.  The  sms 
shows  that  at  least  in  the  studied  interval  of  pressures  the  majority  of  these 
explosive  are  themselves  little  useful  for  stable  burning  in  a  semiclosed  volume. 

At  a  pressure  of  100  atm  the  burning  rate  of  the  substances  shown  in  Table 
1  iiffer  at  most  by  9  times.  The  trotyl  has  the  lowest  speed  (0,76  g/cm^  sec), 
anl  gelatinous  nitroglycerine,  characterized  by  a  high  heat  of  burning,  the  high¬ 
est  (6,7  g/cm^  sec). 

In  connection  with  this  there  appears  the  question,  of  whether  one  can 
consider  as  the  main  parameter,  determining  the  magnitude  of  an  explosives  burn¬ 
ing  rate  the  heat  (or  temperature)  of  its  burning.  It  is  known  that  in  powder 
practice  such  a  connection  for  ballistite  powder  is  taken  both  by  us  and  abroad. 


Fig.  1.  Dependence  of  burning  rate  of  certain  explosives  on  pressure. 


1 — trotyl,  2 — picric  acid,  3 — tetryl,  i* — PETN,  5 — hexogen,  6 — gelatin¬ 
ous  nitroglycerin;  7 — ^Mass  burning  rate  u-jjg/cn^  sec;  8— Pressure  p, 

kg/cm^,. 


*-r 


We  usually  express  it  by  the  formula  of  the  Special  Technical  Bureau  (0TB)  ^2/ 

vjfiere  —tcalculated  burning  rate  at  1  atm  in  g/cm  sec,  but 

Qt  — heat  of  burning  vdth  liquid  water  in  kilocalories  for  1  kg  powder, 

2 

If  the  calculated  speed  is  referred  to  a  pressure  equal  to  100  kg/cm  ,  then 
the  formula  taikes  the  form 

-  «i«t-(0,l6Qu-32).i0-* 

Muraour  ^  27>  basis  of  his  own  numerous  investigations,  which  led  him 

to  the  fomula  expressing  dependence  of  burning  rate  on  pressure 

B»a/2+6/2p, 

established  that  coefficient  b  (burning  rate  is  expressed  in  nm/sec)  is  connected 

with  temperature  of  burning  by  relationship 

igdOOOd) »  U14-f  o^aosrk/iooo 
Igfc/2-.— 2,067-1-0,30871/1000. 

Thus  in  both  cases  it  is  assumed  that  burning  rate  depends  only  on  the  heat 
emanating  during  burning,  or  on  the  temperature  at  which  it  is  obtainable,  but 
not  on  the  kinetics  of  the  chemical  transformation. 

This  assxxmption  can  be  interpreted  differently.  Thus  it  can  be  said  that 
intermediate  reactions  differ,  but  the  leading  reactions  aye  one  and  the  same — 
for  example,  the  interaction  between  oxide  of  nitrogen  and  cacide  of  carbon. 


Pig.  2.  Dependence  of  bxjrning  rate  of  certain  explosives  on  its 
calculated  heat, 

l)Um,  g/cE^sec}  2)TN'r}  3)T0tryl}  4)Picric  acidj  5)Hexogenj  6}Dynaj 
7 )Nitroglycerinj  B)PBTN}  9)Nitroglycolj  10)Q  .p.l.  (KCal/jL;g). 


I 


Fig.  3.  DepeiKlence  of  burning  rate  of  certain  explosives  <m  its 
calculated  teii^yelfature, 

1-9)  Same  as  Fig.  2j  10)  Tb,  ®K, 

In  such  .a  case  speed  of  propagation  of  transformation  iiKieed  would  depend  oniy 
on  the  temperature  vdiich  will  be  attained  during  it.  It  would  have  been  possible 
to  allow  also  that  the  transformation  of  any  one  of  the  main  coa$>onentB  is  lead¬ 
ing,  while  diluents  play  other  roles  and  are  reflected  in  the  speed  of  the  pro¬ 
cess  only  in  that  measure,  in  which  their  presence  changes  the  ten^rature  of 
burning.  It  was  excluded  finally  that  the  formulas  of  the  OTB  and  Muraour  have 
an  approximate  character  and  reflect  only  that  fact  that  the  speed  of  reactions 
during  burning  increases  with  temperature.  a  conparison  of  heat,  temperatures, 
and  bxirning  ratas  of  explosives,  referring  to  different  classes  of  chemical  for¬ 
mations,  it  was  possible  to  explain  which  of  the  given  assumptions  is  correct. 

speeds/ 

In  Table  2  and  on  the  grajA  of  Fig.  2  the  values  of  heat  and  (  burning  of  at 

ICX)  atm  are  given  for  certain  explosives. 

We  see  that  for  five  substances  — nitroglycol  hexogen,  tetryl,.  picric  acid, 

and  trotyl  —the  relationship  between  burning  rate  and  heat  is  near  linear  and 

/  \  ""S 

can  be  expressed  by  the  relationship  *“(0,235Q  -  124)  .  10  •  The  points 
for  PETN  and  c^jma  lie  significantly  below  the  line.  In  Fig.3  and  4  are  shown 
the  dependences  *=  f(Tb^  ®  The  first  of  them  is  naturally 

analogous  to  the  dependence  of  on  Q  p.  1.  Points  expressing  the  sectmd 
dependence  can  be  placed  on  two  parallel  lines;  l;log  u^^  »  — 1.115  +  0.47CT|y 
1000  and  2j.log  u^qq  »  —1.495^+  0.470X^/1000. 


Thus  from  comparison  of  experimental  data  with  both  forms  of  the  empirical 
dependence  of  burning  rate  on  its  thermal  effect,  it  follows  that  these  depen¬ 
dences  are  not  iiniversal,  have  an  approximate  character,  and  reflect  only  the  fact 
that  the  burning  rate,  generally  speaking,  grows  with  an  increase  in  bxjming 
temperature. 

Table  2 

Heat,  temperature,  and  bisming  rate  of  certain  explosives 
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»  Qrm 

npR  100  am 
ao  pacaery 
nfW  BOAS 
wwxoA 
KtaAfitt 

Te^par^a 
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AABaeHHR 
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ropeHKR 
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AMCeOQHaUXR 
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TpOTNJI 
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0,76 
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riMCpinoaafl  KMCJOTa 
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2475 

0,95 

2475 

Terpiui 

soe 

2775 

1,55 

2775 

raccor«M 

1352 

3510 

3,06 

3325 

JDltiiu 

1270 

3000 

1,02 

3080 

T*« 

t52S 

3880 

1,93 

3355 

HuTporaiocojib  aceuTHHic 
poumiiLg  (97:3) 

1750 

4250 

3,2 

3360 

i'eaarHHK* 

poBaHMtjcfi 

1610 

4115 

6.7 

3330 

1)  Explosive;  2)  Heat  of  burning  Q  p.l,  at  100  atm  by  calculation/ 
during  water  of  liquid  kcal/kgj  3)  Tenperatm'e  of  burning  T^  at 
constant  pressure  by  calculation,  ®Kj  4)  ^^as8  burning  rate  at 
100  atm,  g/cm^.sec;  5)  Temperature  of  burning  T^^,  taking  into 
account  dissociation,  ®Kj  6)  Trotyl;  7)  Picric  acid;  8)  Tetryl; 

9)  Hexogen;  10)  Dyna;  11)  PETN;  12)  Nitroglycol,  gelatinous  (97:3); 

13)  Nitroglycerin,  gelatinous  (95:5). 

Dependence  of  burning  rate  on  temperature  is  described  by  the  theory  of 
burning  of  Belyayev  and  Zeldovich.  It  was  of  interest  to  clarify  whether  this 
dependence  is  in  better  agreement  with  the  facts.  .Graph  of  Fig. 5  gives  in 


•  *4  ' 

coordinates  Ic^ 

We  see  that  general  character  o£  this  dependence  is  asialogoois  to  the  one 
considered  earlier.  The  substances  studied  can  be  placed  on  two  lines,  and 
besides  for  nitro  esters  the  tangent  of  the  angle  of  inclination  of  the  lines  is 
greater  than  that  for  nitro  corapoimds.  Consequently,  and  this  coa^arison  con¬ 
firms  conclusions  made  above  about  the  approximate  character  of  ccamection  be¬ 
tween  heat  and  burning  rate  even  for  explosives  hoBotypic  in  character  of  burn¬ 
ing  and  also  illustrates  the  similarity  of  aH  ccaisidered  dependences. 

Thus,  not  only  the  ten5)erature  of  burning,  but  also  kinetics  of  chemical 
transformation  is  an  essential  factor,  determining  the  nagnitude  of  the  bxzming 
rate.  This  conclusion  becomes  even  more  convincing,  if  the  ten^jeratiure  of  bixm- 
ing  is  calculated  for  a  series  of  substances  with  dissociation  taken  into  account. 
In  internal  ballistics  of  artillery  barrels  this  is  usually  not  done,  since  we 
have  the  matter  of  large  pressiires,  tdiere  dissociation  can  be  disregarded.  For 
conditions  of  the  ballistics  of  a  semiclosed  volume,  in  particular,  for  those 
pressures  to  which  are  connected  the  results  we  considered,  calculation  of 
dissociation  leads  to  an  essential  change  of  teagseraturo  of  burning j  this  change 
is  the  greater,  the  higher  the  temperature  of  buiming  arei  the  greater  the  cocygen 
balance  of  the  explosive. 

In  Table  2  one  given  the  values  of  the  tengxjrature  of  burning  for  eight 

explosives  without  calculation  and  taking  into  account  of  dissociation,  W®  see 

that  in  the  last  case  the  temperatures  for  hexogen,  FETH,  nitroglycol  and  nitro- 

that/ 

glycerin  are  very  close  and  are  within  the  limits  3340  +  20®K,  then/tbe  burning 


rates  of  certain  of  them  differ  ty  2 — 3  times. 


tm  m>  3m 


Fig.  4»  Dependence  of  burning  rate  certain  explosives  from  its 
calculating  temperature  in  coordinates  log  Ujj^  — T^. 

1)  Log  Vj_j  2)  TNT,  3)Picric  acidj  4)  Tetrylj  5)  Dynaj  6)  Hexogenj 
7)  PETNj  8)  Nitroglycerin;  9)  Nitroglycolj  10)  T^,  ®K, 


Fig.  5  Dependence  of  burning  rate  certain  plosives  from  its 
calculating  temperature  in  coordinates  log  r^/Th^)  -  l/Tb» 


1)  Log  Um^Tb^J  2-9)  Same  as  Pig.  4;  10)  (lyT^).lO^. 


The  conclusion  that  the  burning  rate  of  a  volatile  eaqjlosive  depends  not  onljr 


on  the  teiig>erat\a*e  of  burning  does  not  ccmtradict  the  Be3yiyev  ■—  Zeldovich 

theory  ^diich  considers  the  activatiem  energy  of  chemical  transfonaaticn  during 

burning  to  be  a  second  essential  factor  on  the  given  dependence.  However,  if 

the  difference  in  speed  of  this  process  for  explosives  close  in  terms  of  t«i9>- 

erature  of  burning  is  determined  by  the  differences  in  activation  energy,  then 

this  should  be  reflected  in  the  difference  in  dependence  of  burning  rate  on 

teraperatxire.  In  order  to  check  this  conclusion,  we  ccaiducted  eaperiments  on  the 

determination  of  dependence  of  burning  rate  of  two  e3q)lo8ives  (tctryl  and  PEKJ) 

on  the  temperature  of  burning,  A  change  of  the  latter  can  be  realized  in  two 

ways  — by  a  change  of  the  initial  tenperature  of  the  explosive  (Tv.  “  T  +  0  ) 

D  o  xap 

or  by  diluting  it  vdth  an  inert  impurity.  The  last  method  allows  a  change  of 

tenperature  of  burning  in  wider  limits,  but  the  selection  of  an  impurity  which 

would  be  indeed  inert  is  difficult  and  can  be  ccaifiniwd  only  by  ccmpariscai  of 

data  obtained  in  both  ways.  In  franws  of  this  work  was  realized  only  the  second 

method  vd.th  the  application  for  the  thermal  dilution  of  the  explosive  of  water, 

vMch  is  one  of  the  products  of  burning  auid  is  a  sufficiently  chemically  inert 
1 

substance. 

Results  of  experiments  are  given  in  Table  3,  and  results  of  calculation 
conducted  on  the  basis  of  these  data  are  presented  in  Fig.  6. 


^  These  ei^riments  were  conducted  by  student  V.  A,  Peyasov  (tetryl) 
and  Engineer  P.  P,  Popova  (PETN), 


Table  3 


Influence  of  water  on  biiraing  rate  of  tetryl  and  PBTN 
at  a  pressure  of  ICX)  atm 


Coje^MRSiimt  tOAM 

1 «  N  ao  Mcy 

3  rfe'K  1 

CO  paC^MlTJ  1 

TifKMVUsme 

^  Terpiu  ( 

[ao  noscoay) 

e  .  . 

1.55 

2795 

0 

1.56 

\  A 

2.39 

1.32 

2875 

niotaocTfc  o^a^os 

3.« 

1.35 

2640 

6hu  b  apexuax  l,2Io 
1.35  tlcM* 

4.38 

1.20 

2535 

5.98 

1.12  ■ 

2485 

i  Tmi  (■»  noOOMt) 

0  ‘ 

1.83 

3680 

1.63 

1.15 

3775 

flaoraocTik  oOpaatKXoe 

2.43 

1,60 

3735 

aaiuio'mMCb  ■  opeACJiaz 

3.62 

1.39 

3645 

1.2— !  ,3  tlej^ 

5.40 

1  1.18 

3535 

2 

1)  Contents  of  water  in  2)  um5  g/cm  .sec;  3)  T^,  ®K  by 
calculation;  4)  Notes;  5)  Tetryl  (-per  Poyasov);  6)  ^Density 
of  samples  was  within  the  limits  1,21 — 1.35  g/cnK;  7)  PETK 
(per  Popova);  8)  Density  of  samples  fell  within  the  limits 

1.2  -  1.3  g/cra^. 


V/e  see  that,  in  the  first  place,  the  change  of  the  burning  rate  from  its 
calculated  tenqjerature  in  coordinates  log  u^/T^^j  —  1/T^j  is  depicted  by  a 
straight  line.  Thus  this  requirement  of  theory  is  fulfilled.  Secondly,  it  is 
possible  to  calculate  the  energy  of  activation  for  the  given  process  by  the 
slope  of  this  line.  For  tetryl  it  constitutes  about  7  kcal/Kiol»  i^*  bhe  reaction 
is  considered  bimolecular  and  its  speed  is  taken  as  proportional  to  the  square 
of  concentration.  For  PETK  the  value,  obtained  analogously  is  about  47  kcal/inol. 
iJe  saw  higher  that  if  we  judge  by  the  temperature  scale,  PSTN  belongs  to  the 
class  of  sloW“b\iming  subsv^ances.  Ro«’iltB  of  the  determination  of  the  dependence 
of  burning  rate  on  burning  temperature  are  in  agreement  with  this  conclusion. 
Other  conditions  being  equal,  high  energy  of  activation  signifies  a  lower 


burning  rate.  We  add  also  that  the  relatively  loir  burning  rate  of  PETM  (and 
dyna)  that  bus^ulng  rate  doee  not  change  parallel  Kith  the  speed  of  tloir 

thenoal  disintegration,  since  PBTN  as  well  as  djcna,  is  decomposed  significantly 
faster  than  nitro  cccpounds  or  nitrscdnes  of  the  arooatie  series,  with  this  nitro 
esters  have  hi^er  calculated  tesperatures  of  burning. 


Fig.  6.  Dependence  of  burning  rate  of  tetryl  and  PETN  on  their 
calculated  temperatures,  regulated  by  the  ccmtents  of  water, 

1)  Tetrylj  2)  PETNj  3)  Log  U^/Tb^j  4)  (l/Tb)*  • 


On  the  Theoretical  Connection  Between  Temperature  (Heat  of  Burning)  And 
Dependence  of  Btuming  Sate  on  Initial  TeBiperat\ire  And  on  Pressure 

In  connection  with  the  fact  that  in  the  frames  of  investigations  conducsted, 
although  they  were  limited,  the  observed  regularities  of  burning  do  not  contra¬ 
dict  thteoretical,  wo  have  a  basis  to  consider  another  interesting  technology  of 
the  dependence,  issuing  from  the  existing  theory.  From  these  positions  let  us 
consider  the  question  of  the  temperature  coefficient  of  the  burning  rate  and  its 
dependence  on  the  heat  of  burning.  It  is  usually  considered  that  hig^-calori© 
solid  unitary  fuels  display  a  larger  dependence  of  burning  rate  on  teisperatxire. 


than  fuels  of  lesser  caloricity.  This  conclusion  is  made  on  the  basis  of  pract¬ 
ical  e^qwrience  obtained  with  fuels  vdiose  caloricity  is  changed  by  changing  of 
the  contents  of  nitroglycerin.  Above,  we  saw  that  temperature  coefficient  is 
connected  with  the  tengjerature  by  dependence  (9) 


from  which  it  follows  that  it  is  the  lower,  the  higher  is  the  temperature  of 
burning. 

In  the  light  of  these  data  it  is  natural  to  assume  that  an  increase  in  the 
temperature  dependence  of  burning  rate  of  fuels  based  on  nitroglycerin  with  an 
increase  in  the  contents  of  the  latter  is  stipulated  not  by  the  increase  in  the 
caloricity  of  the  mixture,  but  the  kinetic  peculiarities  (high  energy  of 
activation  E)  nitroglycerin.  If  this  single  contradiction  with  theory  can  be 
thus  removed,  then  we  assume,  as  a  conclusion  frcan  the  theory,  the  position  that 
"hot"  fuels  should  develop  smaller  dependences  of  burning  rate  on  initial  temp¬ 
erature  than  "cool"  ones.  An  experimental  check  of  this  conclusion  presents 
indubitable  interest.  If  it  is  confirmed,  it  will  be  possible  to  concentrate  on 
the  search  for  substances  which  ccmibine  high  heat  of  burning  with  small  activa¬ 
tion  energy.  We  will  add  that  such  substances  simultaneously  would  be  relatively 
quick-buiTiing,  since  according  to  the  theory  the  ccmibination  of  high  bxaming 
temperature  and  small  activation  energy  should( other  conditions  being  equal )lead 
to  a  high  burning  rate. 

We  will  touch  now  on  the  question  of  the  dependence  of  burning  rate  on  pres¬ 
sure.  T1\8  theory  connects  it  with  the  order  "n"  of  the  leading  reaction,  estab¬ 
lishing  the  proportionality  of  burning  rate  to  pressure  in  the  degree  n/2. 

The  proportionality  of  burning  rate  to  the  first  degree  of  pressure,  determined 
by  experiments  at  elevated  pressures,  can  be  interpreted  as  the  result  of  the 
bLnolocularity  of  the  leading  reaction.  However  the  same  experiments  show  that 


at  pressures  lower  than  100  atm,  the  burning  rate  depends  on  pressure  sonaetiaies 
more  and  scmetiJMs  less.  The  first  my  be  connected  with  a  change  in  the 
completeness  of  the  reaction  at  low  pressures  near  that  at  which  burning  beccraes 
possible!  the  second  — near  the  beginning  of  the  linear  secticm  of  the  change  of 
burning  rate  -—with  the  possibility  of  partial  flow  of  reaeticm  in  the  ccmdensed 
phase. 

.iJhen  an  exothermal  reaction  in  a  significant  interval  of  pressure  occurs  in 
a  noticeable  degree  in  the  condensed  phase  as,  for  example,  occurs  during  the 
burning  of  nitrocellulose,  the  burning  rate  grows  with  pressure  more  slowly  than 
according  to  the  law  of  direct  proportionality. 

Finally,  reaction  of  first  oinier  may  present  itself  as  leading  as,  judging 

by  data  of  English  investigations  occurs  during  the  burning  of  hydrazine, 

A  radical  means  of  lowering  the  dependence  of  burning  rate  on  pressure  is  the  use 

of  substances  like  picrate  of  potassium,  v^ose  burning  rate  is  independent  of 

pressure,  apparently  because  the  leading  reaction  in  this  case  occurs  in  the 

condensed  phase.  \/ith  known  prerequisites  with  such  character  of  burning  the 

dependence  of  btirning  rate  on  initial  temperature  is  small, 

whose/ 

The  experiment e/result 8  were  used  in  the  present  article  were  conducted  by 
A.  P,  Glazkova,  I,  A.  Tereshkin  /  37j  Popova,  and  the  largest  part  of 

the  calculations  by  I.  A.  Tereshkin.  The  author  eoqjresaea  his  gratitude  to  them. 

Conclusions 

1,  The  dependence  of  burning  rate  on  pressure  for  a  series  of  secondary 
explosives  belonging  to  the  class  of  nitro  eaters  and  nitro  conpouiKls  is  near  to 
direct  propoirtionajity.  It  follows  frcan  this,  according  to  the  Zaldovich  — 
Belyayev  theory,  that  the  leading  reaction  during  the  burning  of  substances  of 
this  class  is  bimolacular. 


2.  Burning  rate  of  a  series  of  ex5)losiv8s  can  be  approxiiaately  connected  with 

the-  heat  and  temperature  of  burning  by  a  linear  dependence.  A  similar  dependence 

is  obtained  in  the  coordinated  log  U^/t  ^  -  Vt,  * 

b  D 

3.  Quantitative  analysis  of  the  latter  aependence  shows  that  it,  as  v/ell  as 
the  first  th  dependences,  has  an  en5>irical  and  apprcodmate  character. 

4.  It  was  shown  by  the  method  of  dilution  by  inert  impurity  of  two  substances 
(pstn  and  tetryl)  that  the  dependence  of  their  burning  rates  on  its  calculated 
temperature  are  identical  in  character  and  are  in  agreement  w:\th  the  theoretical, 
but  differ  quantitatively:  stronger  for  PETN  than  for  tetryl. 
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27.  The  Burning  oi  Nitrates  of  Certain  Alcohols 

Combustion  of  explosives  is  usuaJLly  caused  =by  their  ignition.  It  can  appear 
also  during  local  decomposition,  if  the  latter  leads'  to  a  wai^up  sufficiently 
strong  that  it  terminates  in  local  self-ignition.,. The  ch^acter  of  the  ei^gihg  cohh* 
bustion  and  its  degree  of  stability  depend  on  the  properties  of  the  substance  and 
conditions  of  burning. 

For  nitrates  of  alcohols  the  typical  peculiarities  of  the  burning,  process  were 
determined  basically  during  investigation  of  nitroglycol  (NGL)  and  .nitroglycerine' 
(HG).  The  results  of  this  investigation  and  their  explanation  are  considered  in. 
the  present  article. 

Limiting  Conditions  of  Normal  '(Undisturbed)  Burning 
iixperiments  set  up.  by  the  usual  method  (b^n:ning  of  a  liquid  poured  into  a  _ 

A 

narrow  glass  test-tube  in  an  instrument  of  constant  pressinre  with  windows,  photo¬ 
graphic  registration  of  the  character  and  speed  of  propagation  of  the  process'), 
showed  that  burning  is  possible  only  if  the  diameter  of  the  charge,  the  pressure  and 
jthe  temperature  are  not  too  small/”^.  The  effect  of  these  parameters  is  determined 
|by  the  fact  that  at  too  low.  a  pressure  and  temperature  the  speed  of  chemieid  re- 


lactions  and,  consequently,  also  heat  liberation  are  insufficient  to  con^nsate  with 
|a  small  diameter  for  heat  loss  of  ccmibustion  products  and  the  heated  layer  of  sub- 

I 

i 

stance  to  the  outside.  Increasing  the  .speed  of  reactions  by  means  of  increasing 

I 

pressure  or  temperature,  and  also  decreasing  relative  heat  loas  by  means  of  increas- 
'ing  diameter  and  increasing  initial  temperature  of  the  substance  remove  the  pre¬ 
dominance  of  heat  loss  over  heat  gain  and  burning  becomes  possible.  Thus,  limiting 
ourselves  to  pressure,  NGL  in  test-tubes  vdth  a  diameter  of  4  mm  at  room  ten^jerature 

f  ■  .  •  :rcV; 


burns,  starting,  from  a  pressure  of  300  im.  Hg,  and  NO,  under  analogous  conditions, 
at  a  pressure  of  24  nan  and  higher, 

Transition  of  Normal  Burning  of  Nitrog^j'-col  to 
a  Turbulent  Regime 

I7ith  an  increase  of  pressure  the  burning  rajte  of  HGL  grows  approximately  propor¬ 
tional  to  the  pressure^  similarly  to  that  observed  for  many  solid  substances,  for 
example, for  trinitrotoluene,  trinitrophenol,  etc.  However  while  for  trinitrotoluene 
and  picric  acid  this  dependence  is  observed  throughout  the  large  range  of  pressure 
studied  (to  ICKX)  atm),  for  NGL  the  burning  rate  grows  proportionally  to  the  pressure 
only  approximately  up  to  20  atm  With  this  pressure  the  character  of  burning 

change sj  the  surface  of  the  liquid  ceases  to  be  even  and  ^horizontal  and  periodiGally 
is  distorted}  the  process  takes  on  a  pulsating  character  and  becomes  a  sequence  of 
alternated  flashes,  divided  by  periods  of  delayed  burning. 


Fig,  1,  Dependence  of  burning  rate  of  nitroglycol  on  pressure, 

1 — liquid,  2 — nitroglycol,  gelatinized  by  collodion  (97:3). 

.  a  )  Burning  rateucVs®^}  b  )  Pressure  p,  kg/cm^. 

Transition  into  a  pulsating  regime  is  accompanied  by  a  strong  (approximately 
ten  times)  increase  of  average  speed  of  burning}  in  transitional  region  values  of 
speed  vary  greatly.  At  further  increase  of  pressure  speed  grows  linearly  and  much 
faster  than  in  the  normal  regime  (Fig.  1),  and  irregularity  of  burning  is  not  de¬ 
tected, 

‘  an/ 

One  should  point  out  one  more  peculiarity  of  burning  >diich  develops  witl/In- 

crease  of  pressure.  At  low  pressures,  burning  takes  place  with  a  slight  glow 


adjacent  to  the  surface  of  the  liquia,  and  during  this  the  flame  has  the  usual  form 
~a  cone,  pointed  upward  ,  At  a  pressure  of  about  10  atm  (the  magnitude  of  this 
pressi^e  decreases  with  an  increase  in  tube  diameter)  at  a  significant  (about  2  cm) 
distance  from  surface  ol  liquid  there  appears  a  bright  bluish  flame  in  the  form  of 
a  cohe>  pointed  downward  ,  The  appearance  of  the  secondary  flame  is  accompanied  by 
a  sharp  ch^*ge .  of  congjosition  of  gases  —nitric  oxide  is  completely  reduced  to 
nitrogen.  This  will  lead  to  a  strong  (approximately  double)^ increase  in  heat  and, 
correspondingly,  temperature  of  burning.  The  appe^ance  of  secondary  flame  is  not 
reflected,  however,  either  in  the  speed  or  in  the  character  of  burning.  With 
j^ther  increase  of  pressure  the  distance  between  primary  and  secondary  flame  is 
decreased  and  at  60  and  more  atmospheres  becomes  indiscernible. 

The  peculiarities  described  ;are.  illustrated  by  the  phptograidis  in  Fig.  2,  An 
especially  clear  pulsation  is  noticeable  on  them  thanks  to  the  presence  of  ^  bright 
seconda^  flame  (Fig.  2,  photo  3a)..  VJhen  distortion  of  the  surface  occurs,  the 
heated  layer  of  substance  is  cooled  and  evaporation  is,  delayed.  As  a,  result  of 
this  the  secondary  flame  approaches  tne  surface  of  the  liquid,  and  then  is  rejected 
from  it,  when  violent  decomposition  occurs  in  the  heated  layer  formed,  vdiich  is 
thicker  than  horaal. 

Ah  increase  of  initial  temperato^d^  increasing  the  speed  of  normal  burning, 
decreases  the  pressure  at  which  the  turbulent  regime  appears  and  strengthens  the 
dependence  of  the  burning  rate  on  pressure  in  this  regime  (Fig.  3). 

Methylnitrate  and  diethyleneglycoldinitrate  will  behave  similarly  to  NGL.  For 
the  first  of  them,  burning  with  relatively  great  speed  (0.14  g/cm^  s®c  at  1  atm) 
transition  to  the  turbulent  regime  occurs  at  a  pressure  of  about  2  atmj  for  slowly 
burning  diglycoldinitrate  this  is  observed  approodinately  at  55  atm.  With  this  same 
pressiu'6  the  burning  of  liquid  dyna  supercooled  to  room  tengjerature  also  changes 
into  a  pulsating  regime*  The  burning  rate  of  dyna  is  also  relatively  small. 


Fig.  3.  Dependence  of  bxiniing  rate  of  nitrog^col  on 
pressure  at  various  ten^Msratures. 

Distxirbance  of  Normal  Regime  of  Burning  of  Nitroglycerine 
During  the  burning  of  NG  phenomena  are  observed,  siaailar  to  those  ^described 
above,-,  but  vdth  certain  quantitative  and  qualitative  differences;  At  a  pres¬ 

sure  higher  than  24  ana  Hg  the  burning  rate  of  NG,  vAdle  significantly  exceedi^  the 
burning  rate  of  NGL,  slowly  grows  with  pressure;  at  a  pressiure  of  about  1  ata  during, 
igriiting  something  like  a  local  flash  is  observed,  accompanied,  by  a  splash  of  liquid, 
and  burning  in  this  case  does  not  appear.  Moreover,  if  NG  is  ignited  in  a  tube  with 
a  diameter  of  about  4  nm  at  low  pressure  and  burning  takes  place  in  closed  yolutw 
so  that  pressure  grows,  then  after  attaining  about  300  am  Hg  bunling  epontaneously 
dies  out.  Pressure  of  attenuation  strongly  depends,  as  was  .shown  in  expeid^nts  of 
G.  N.  Bespalov  \  on  diamster  of  tubs.  With  a  diameter  of  '2.6  cm  burning  dies  but 
at  150  nan  Hg.  With  a  tube  diameter  of  10  cm  burning  occurs  up  to  a  i^sssure  of 
1050  mm  Hg.  Thus  it  is  possible  to  observe  the  burning  of  NG  also  at  atmos|dieric 

^  See  present  collection  (page  432  of  original 


I 
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pressure.  However  this  was  attained  only  with  one  of  the  various  studied  methods  of 

igniting  — igniting  at  lowered  pressure  with  a  subsequent  slow  increase  of  pressure 

to  atmospheric.  Application  of  other  methods  caused  turbulization  and,  as  a  result, 

attenuation  of  burning.  Burning  rate  of  NG  at  atmospheric  pressure  constitutes 

2 

0,146  cnv^sec  or  0.23  g/cm  sec. 


Fig.  4*  Dependence  of  burning  rate  of  nitroglycerine  on  pressure, 

1)  u,  cm/secj  2;  p  kg/c^. 

From  this  it  follows  that  in  the  case  of  NG  an  increase  of  pressiure,  while  in¬ 
creasing  the  burning  rate,  not  only  does  not  promote  the  latter,  but  renders  a 
reverse  effect.  This  effect  however  is  limited  to  a  certain  pressiire  range:  above 
11  atm  burning  is  observed  anew  CQ >  proceeds,*  similarly  to  burning  of  NGL, 

in  a  turbulent  regime  with  a  constant  rate,  but  one  that  is  much  greater  than  would 
correspond  to  normal  burning  (Fig,  4),  An  unusual  phenomenon  was  observed  during 
certain  experiments  with  NG  at  increased  tenqserature  (near  100®):  the  flame  penetra¬ 
ted,  as  it  were,  along  one  side  of  the  wall  of  the  tube  to  a  great  depth  and  the 
surface  of  the  burning  liquid  became  almost  vertical.  It  is  possible  that  this 
phenomenon  represent.#  ':.lsation  of  a  very  large  period. 

Tb.us,  the  main  distin 'tions  of  NG  fresn  NGL  ai'©,  first,  the  high  burning  rate, 
secondly,  the  turbulenc'-  of  the  latter  which  appears  in  NG  at  smaller  pressure 
atm),  with  there  is  not  j"^t  a  second^j^y  flame,  and,  third,  this  turbulence 

leads  not  to  accelerated  pulsating  burning,  but  to  attenuation.  The  direct  cause 
of  attenuation  is,  apparently,  or;  abrupt  increase  in  heat  loss  during  transition  of 
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burning  to  the  turbulent  regime,  vjhich  leads  to  a  strong  incrs&oe  of  critical  dia- 
I  meter.  Experiments  of  G.  N,  Bespalov  showed  that  with  a  turbulent  regies,  in  8jd.te 
of  high  speed  of  burning  the  critical  diameter  is  much  greater  than  during  ncsml 
burning  and  grows  quici^  during  lowering  of  pressure.  If  we  extrapolate  the  ob¬ 
tained  dependence  (P')  to  one  atmosphere,  then  the  value  of  the  critical  dia¬ 

meter  is  equal  to  ^15  cm.  If  we  decrease  turbulization  by  increasing  viscosity 
of  nitroglycerine  by  means  of  dissolving  nitrocellulose  in  it,  then  critical  dia¬ 
meter  is  greatly  lowered,  for  exanple,  at  15  atm  froa  4  to  0,5  ran. 

Turbulization  can  be  prevented  also  by  decreasing  tube  diameter.  It  turned  out 
that  at  atmospheric  pressure  the  possibility  of  burning  nitroglycerine  can  be  en- 
stired  not  only  by  increasing  tube  diameter,  but  also  by  using  small  diameters  for 
it  (from  0.5  to  1.5  mu),  in  spite  of  the  fact  that  with  small  diameters  the  specific 
surface  of  heat  drain  is  increased.  This  again  shows  that  the  main  factor  in  the 
increase  of  heat  loss  during  attenuation  of  burning  NG  in  the  area  of  low  pressures 
is  the  appearance  of  turbulization. 

By  using  a  tube,  sufficiently  large  diameter,  for  example,  20  cm,  it  would  have 
been  possible,  apparently,  for  NG,  as  was  observed  for  NGL,  to  achieve  combustion 
at  all  pressures,  starting  from  a  low  limit,  equal  to  several  milUmoters  of  mercury, 
at  first  normal,  and  then  turbulent.  A  check  of  this  conclusion  was  not  accomplish¬ 
ed  since  it  would  have  required  using  quantities  of  NG  too  large  and  dangerous  un¬ 
der  laboratory  conditions. 

Disturbance  of  Normal  Regime  of  Burning  of 
Pentaerythritetetranitrate  (PETN) 

The  appearance  of  turbulence  before  burning  is  natural  to  imagine  in  the  case 
of  burning  of  liquids.  However,  if  a  solid  melting  substance  bums,  then  part  of 
the  front  heated  layer  is  in  liquid  state,  Experinsnts  conducted  with  PETN  showed 
that  at  low  pressures,  vdien  thickness  of  heated  liyer  and  its  united  part  was 
relatively  great,  the  effect  of  turbulisaticn  could  develop.  In  determined 


conditions  of  the  experinent  (d  ®=  7  Jnm,  t*  =  100°)  PiiTII  is  capable  of  burning;  at 
atmospheric  pressure.  However  with  an  increase  of  pressure  to  1,5  atm  bu?’ning  is 
stopped.  The  ability  of  this  explosive  to  burn  appears  again  only  at  significantly 
larger  pressures  — from  16  atm. 

Attenuation  of  burning  in  pressure  range  1,5 — 16  atm  can  be  connected  .vith  the 
onset  of  turbuliaation  in  the  melted  part  of  the  heated  layer,  With  a  relatively 
small  burning  rate  of  solid  substance  (0.031  g/cm^  sec  at  atmospheric  pressure  ) 
thickness  of  the  heated  layer  is  comparatively  great.  In  these  conditions  P^N 
will  conduct  itself  similarly  to  liquid  NG.  The  distinction  lies  in  the  fact  that, 
at  increased  pressures,  when  NG  burns  in  turbulent  regime  with  great  speed,  for 
solid  PI?n^  increased  speed,  corresponding  to  turbulent  regime,  is  not  observed. 

This  is  not  surprising,  since  at  great  pressures,  more  accurately  with  correspond¬ 
ing  high  speeds  of  biiming,  the  thickness  of  the  heated,  melted  layer  of  PiiTN  be¬ 
comes  so  small  that  turbulence  cannot  be  developed  in  it, 

Jbqseriraents  vdth  liquid  PliTN  at  140°  shewed  that  at  pressure  of  about  8  atm 
its  burning  changes  into  a  turbulent  regime  with  a  corresponding  strong  increase 
in  speed. 

One  should  add  that  both  in  the  case  of  NG  and  in  the  case  of  PETN  attenuation 
is  observed  at  relatively  low  speeds  of  burning.  It  is  possible  that  turbulization 
within  the  limits  of  the  heated  layer  stai'ts  earlier  that  it  is  propagated  in  cold 
layers  of  liquid  and  is  manifested  in  the  macro-irregularity  of  the  process  of 
burning. 


Effect  of  Mobility  of  Liquid  On  Disturbance  of 
Normal  Regime  of  Burning 

A  decrease  in  the  mobility  of  a  liquid,  in  partictilar  an  increase  in  its  vis¬ 
cosity  by  means  of  dissolution  in  it  of  a  small  quantity  of  high-polymer  substance 
(for  example,  nitrocellulose  or  polymethylmethacrylate)  hampers  the  appearance  of 
turbulence  and  also  more  or  les§  significantly  increase's  the  pressure  range,  in 


[  which  normal  burning  is  observed.  For  KGL,  gelatinized  by  collodion  (97i3)#  “»-8oe 

{ 

f  Fig.  1  —  normal  biiming  was  observed  in  all  the  studied  prsesure  range  (to  150  atm) 

f 

I  while  b\miing  of  liq^d  NGL  changed  into  a  turbulent  regime  at  20  atm, 

I 

In  the  same  way  gelatinization  of  NG  affects  its  ability  to  bum.  The  greater 
the  viscosity  the  higher  the  pressure  at  vMch  this  explosive  loses  its  ability  to 
burnj  vdth  a  significant  increase,  a  pressure  range  in  vMch  the  substance  is  net 
capable  of  burning  is  not  observed. 

It  is  interesting  that  an  increase  in  viscosity  of  the  liquid  leads  to  scaas 
deceleration  of  burning,  the  more  significant,  the  stronger  the  viscosity  is  in¬ 
creased  and,  apparently,  the  greater  the  burning  rate  of  liquid.  This  lowering  of 
speed  is  also  observed  if  the  polymer  (nitrocellulose)  has  a  high  speed  of  burning 
than  the  liquid  in  which  it  is  dissolved. 

Not  excluded  is  the  fact  that  in  the  case  of  low-viscosity  liquid  because  of 
boiling,  the  surface  of  the  front  of  b\iming  obtains  a  certain  microrelief,  express¬ 
ed  to  a  higher  degree  than  in  the  case  of  viscous  gelatin.  It  is  also  possible, 
however,  that  in  the  studied  ccsxditions  of  burning  an  essential  role  is  played  by 
diffusion  in  condensed  phase  \  the  speed  of  which  is  decreased  with  an  increase  in 
viscosity. 

Disturbance  of  the  normal  regime  of  burning  and  its  stabilization  by  an  in¬ 
crease  of  ^dscosity  were  observed  fca*  other  individual  liquid  substances,  in  part¬ 
icular  nitrates  of  alcohol.  Whittaker  et  al,  have  described  this  phencoienon 
for  many  two-  and  polycomponent  solutions  of  fuels  (2-nitropropano,  nitrile  of 
sebacic  acid)  in  oxidizers  (nitric  acid  nitrogen  totroodde)  and  associated  it  with 
the  fact  that  during  evaporation  of  burning  liquid  ite  drops  are  carried  away  ^ 
outflowing  vapor.  These  investigators  studied  the  effect  of  viscoeity,  vap<ar 

^  Due  to  preeadnont  detachment  nitro  ester  of  nitric  oxides  and  their  tr^- 
sitlon  to  the  gaseous  phase  the  burning  s\p:face  of  liquid  is  impoverished  the 
C5«ygen  vhich'  occurs  because  of  diffusion  th©  nitric  oxides  released  in  the  deep¬ 
er  layers  of  the  substance. 


tension  of  the  fuel,  and  the  diameter  and  form  of  the  tube.  On  increase  in  vis¬ 
cosity,  attained  by  dissolution  of  polymethylmethacrylate,  decreased  the  burning 
rate,  vdiich  moved  toward  a  certain  limit,  and  increased  pressure  of  transition  to 
the  turbulent  regime.  This  pressure  somewhat  decreased  with  an  increase  of  tube 
diameter.  At  14.6  atm  a  mixture  of  2-nitropropane  with  71%  nitric  acid  burned  with 
speed  of  0.114  cm/secj  with  0, 1,0.5  and  0,75^  pol^ethyLmethacrylate  in  this  mix¬ 
ture  the  burning  rate  was  0.079,  0.076  and  0.074  cVsec,  and  critical  pressure  of 
transition  of  burning  to  turbulent  regime  of  liquid  and  gelatinized  mixtures  of 
nitropropane  and  nitric  acid  constituted  76,  83,  117  and  130  atm  respectively, 
i&periments  with  gelatinized  liquids  al'.owed  us  to  explain  also  the  question 
as  to  whether  the  appearance  of  pulsation  of  burning  is  caused  by  secondary  flame. 
In  the  case  of  gelatin  this  flame  appears  with  pressure  and  is  located  even  some¬ 
what  nearer  to  the  surface  than  during  burning  of  li.quidj  pulsating  burning  is  ob¬ 
served  in  the  first  case  and  is  absent  in  the  second  even  vdiile  the  secondary  flame 
is  located  quite  near  the  surface  of  the  burning  substance.  The  absence  of  a 
straight  connection  bet^'reen  appearance  of  secondary  flame  and  transition  of  burning 
to  turbulent  regime  is  confirmed  also  by  the  fact  that  for  certain  liquids,  for 
example  for  NG,  this  transition  occurs  at  pressures  so  low  that  there  is  no  second¬ 
ary  flame  as  yet. 


Theory  of  the  Phenomenon 

Independently  of  experimental  investigations,  L.  D.  Landau  /~27  considered 
theoretically  the  biuviing  of  liquid,  occurring  by  means  of  its  transition  into  vap¬ 
or  and  chemical  reaction  in  vapor.  He  showed  that  the  front  of  burning  is  stable 
only  in  a  case  vdiere  the  burning  rate  does  not  exceed  a  certain  critical  value, 
which  is  determined  by  the  formula 


(1) 


where  —critical  value  of  mass  bunding  rat#} 

3  ^  — surface  tension  at  the  bounda27  between  liquid  and  its  saturated 
i  — gr^vitatieiial  acceleration} 
ff  — density  of  gaseous  products  of  burning} 
fm  —liquid  density. 

The  conclusion  of  L.  D.  Landau  is  that  during  burning  the  horisdntal  siu^face  of 
liqidd  becomes  unstable,  and  its  distortion  tends  to  grow  in  anqplitude.  This  grow¬ 
th  however,  is  hindered  by  gravity  and  the  force  of  surface  tension.  Up  to  a  value 
of  speed  corresponding  to  expression  (1),  these  forces  are  able  to  hinder  the 
I  development  of  turbulence}  at  large  values  of  speed  it  sets  in. 

I  Formula  (1)  can  be  presented  ixi  the  form 

I  ^  .  p  V*  '  ' 

I  Pk  .  (2) 

vAiere  P  — parachor}  M  —molecular  weight  of  liquid}!^'— constant,  equal  in  CGS  ayateii 

! 

I  to  7.91. 

Magnitude  for  organic  liquids  changes  within  narrow  Units,  just  as  the 
density  of  the  liquid}  also  density  of  gases  at  constant  pressxure  only  relatively 
slightly  changes.  Therefore  formula  (2)  approximately  can  be  presented  in  ^le  fora 

0)  " 

6 

Turbulization  of  the  front  of  burning  can  be  prevented  also  by  neans  of  increase 
of  viscosity  of  liquid.  V.  G,  Levich  showed  that  critical  value  of  burning 
rate  is  connected  with  viscosity  by  the  formula 

(4) 

where  fj  — viscosity  of  ‘liquid. 

Thus,  if  surface  tensicai  and  gravity  are  not  able  to  prevent  disturbance  of 
front  of  burning,  turbxilisation  still  cannot  appear,  if  viscosity  of  liquid  is 
sufficiently  great.  Howevej^  the  necessary  magnitude  of  viscosity  is  sufficiently 
high  and,  for  eocan^le,  for  the  burning  rate  inherent  In  !I8  at  atmospheric  pressure, 

constitutes  about  1  poise,  i.e.,  three  times  more  th«i  its  vlaeoaity  at ‘room 

*  ^  . 
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temperature.  Therefore  in  order  that  the  stabilizing  effect  of  viscosity  be 
developed  during  the  burning  of  nitrates  of  alcohols  it  is  required  to  increase 
artificially,  for  «sc^le,  the  dissolution  of  high-polymer  substances. 

The  formulas  of  L.  D.  Landau  and  V.  G,  Levich  explain  the  regularities  deter¬ 
mined  by  experiment.  Since  the  main  factor  determining  the  onset  of  turbulent 
regime  is  the  magnitude  of  rate  of  burning  at  a  given  pressure,  then  it  is  natia:al 
that  first  of  all  (i,e.,  at  the  least  pressure)  turbulization  is  developed  on 
burning  NG,  the  most  readily  combustible,  and  then  methylnitrats  NGL,  and  diglycol- 
dinitrate,  It  is  apparent  that  the  effect  of  pressure  and  -initial  temperature 
promotes  the  appearance  of  turbulence.  With  an  increase  of  pressure  the  critical 
value  of  the  burning  rate  grows  (Fig.  5),  but  relatively  slowly,  proportionally 
to  the  square  root  of  the  pressure j  the  speed  of  burning,  as  experiment  shows,  is 
increased  approximately  proportionally  to  the  pressure  and  naturally  at  a  certain 
pressure  becomes  more  than  critical. 

One  should  indicate  that  transition  of  burning  to  turbulent  regime  should  also 
occur  because  as  ^he  pressure  at  which  burning  proceeds  approaches  the  critical 
value  {in  the  usual  physicochemical  meaniilg  of  this  term),  the  surface  tension  is 
decreased  to  zero  and  in  conformity  with  formula  (l)  the  critical  value  of  speed 
also  falls  to  zero.  Critical  pressure,  as  experiment  shows,  for  many  organic  liq-  | 

j 

uids  lies  near  50  atm.  i 

From  the  formulas  and  from  the  graph  of  Fig,  5  it  is  clear  that  transition  of  j 

bm’ning  to  turbulent  regime  promotes  also,  as  we  saw  in  the  example  with  NGL,  £in  j 

I 

increase  of  initial  temperature  of  substance,  since  it  increases  the  burning  rate;  ^ 

i 

critical  value  of  speed  virtually  does  not  depend  on  initial  temperature,  | 

i 

In  agreement  with  theoretical  conclusions  and  the  observations  concerning  the  ' 
effect  of  viscosity  on  the  considered  phenomenon  in  the  sense  that  the  burning  of 
slow-burning  NGL  is  easily  stabilized,  but  quick-burning  NG  requires  large  contents; 
of  dissolved  nitrocellulose  to  support  the  normal  regime  of  burning. 
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Fig.  5.  Dependence  of  burning  rate  and  ita  critical 
(according  to  Landau)  value  on  pressure  ajod  initial 

temperature, 

1)  Burning  rate  uj  2)  Pressure  p. 

The  striking  influence  of  the  decrease  of  mobility  of  a  liquid  on  its  stability 
of  burning  is  illustrated  in  the  experiments  of  B.  N,  Kondrikov  (see  page  443)  with 
NG,  in  vriiich  mobility  of  liquid  was  decreased  by  adding  to  it  lead  ardde,  A  mixture 
of  equal  (by  vreight)  quantities  of  NG  and  lead  aaide  at  pressures  from.  6  tp  40  atm 
burns,  as  a  rule,  without  explodinf  vAiile  NG  itself  when  ignited  in  a  range  frcw 
6  to  11  atm  dies  out  or  gives  an  explosion,  and  lead  azide  detonates  at  all  pres¬ 
sures,  Moreover,  at  those  increased  jaressures,  with  which  KG  starts  to  bum  anew, 
but  now  In  tiurbulent  regime,  i.e.,  with  .great  speed,  the  addition  of  liMd 
azide,  ’obviously hampering  turbulizatioa,  sharply  (approadmately  twice)  lowers  the 

f 

bumi.ng  rate.  This  is  observed  during  burning  of  liquid  NGL  with  lead  aside  ia  the 
area  of  turbulent  regime,  i,e,,  at  pressures  hi^er  then  20  atm. 


The  Connection  Between  Turbulent  Burning  And  Transitlt^i 
e;  :  of  Burning  Into  an  Explosion 

Decrease  of  mobility  of  liquid,  in  partieular,  by  means  of  increasing  its 

) 

e  viscosity  is  an  effective  luethod  of  preventing  the  transition  of  burning  aqr- 

of  '  mal  into  turbulent  regime.  This  method  id?  used  in  the  ccnteaijxMrajy  powder  isdostryi 

>  .  . 

ntss  ensuring  stability  of  burning  of  smc&eless  powders  in  Ics^^vplatile  solvent.  Fre*  ' 

z- - 1 

venting  the  appearance  of  turbulent  burais^  is  a3,so  an  iapertaat  factor  in  '  • _ \ 
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pravdnting  its  trtnsition  into  eaqplosion.  Ejqperiiwnts  set  up  in  due  tiiae  CH 
burning  of  liquid  nitrates  (NG  «id  HGL)  in  an  irai  pipe  vdth  a  closed  disk,  esqplod- 
Ing  at  a  certain  pressure,  showed  that  the  bumkig  of  these  liquids,  >dth  a  small 
durability  of  disk,  easily  changes  into  explosion.  At  the  same  time  gelatinised 
NG  containing  only  1%  nitrocellulose  burned  steadily  throughout  the  studied  range 
of  disk  durabilities  (to  1200  kg/cm^,  charge  200  g). 

It  is  known,  however  that  vdien  igniting  strongly  heated,  nitrogelatin  (9)  it 
explodes;  a  similar  explosion  occurs  also  vriien  determining  its  flash  point. 


Fig.  6.  Dependence  of  flash  intensity  of  50^  nitrogly~ 
cerine  gelatin  on  tenperature  of  thermostat. 

1)  Height  of  bounce  of  ball  H  cm;  2)  Temperature  of  ther¬ 
mostat  t°C, 

Besides  that,  esqperiments  showed  that  it  is  possible  to  greatly  increase  the  inten¬ 
sity  of  flash  even  in  the  case  of  gelatin,  containing  much  more  (to  ^0$)  nitrocell¬ 
ulose.  These  experiments  of  B,  N.  Kondrikov  and  I,  V.  Babayfcsev  were  set  up  in 
the  following  manner  (see  page  515).  A  small  weighed  amount  of  gelatin  (0.02  g) 
was  introduced  into  the  test-tube,  located  in  the  thermostat.  The  intensity  of  the 
flash  determined  depending  upon  the  tenperature  of  the  thermostat.  The  measure 
of  this  intensity  was  ;3udged  by  the  height  of  the  bounce  of  the  ball,  freely  cover¬ 
ing  the  mouth  of  the  test-tube.  The  character  of  the  established  dependence  is 
unusual  (Fig.  i)  and  is  explained  in  the  following  manner.  At  low  tesperatures 
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olily  aim  docoe^ptoBitian  occixta,  id.th  iddch  apti^  of  gu  famtioa  if  |k>  «!*TT 
.that  the  bidl  does  not  bounce;  et  hi^  teapei«t\u«t^  before  feiUt% hM  to 
he&t,  ignition  quiddy  occurs;  burning  proceeds  on  l^e  jeecrcNnurface  of  the  jj^ece 
and  speed  of  gas  formtion  is  again  insufficient  to  bounce  the  bail*  Ai  inters 
niediate  temperatures  of  gelatin  it  can  be  heated  to  ignition*  Hoirevei^  not  dn^ 

Ithis  heating  alone  increases  the  burning  rate*  As  a  result  of  (^«dLoal  procesees^ 
in  particular  depolyswrisation  of  nitrocellulose;  the  viscosity  of  gelatin  is 
ered  so  much  that  its  burning  occurs  with  intense  turbxilisation  and  dispersion  ^df 
substance  by  escaping  gases*  All  this  leads  to  such  a  strong  developtaent  of  the 
burning  surface  that  the  flash  takes  the  character  of  an  egi|2l6|^onj,  splitti^  the 
test~tube  and  strongly  bouncing  thfr  ball,  similar  to  that,  which  happens/sindljir; 

I  conditions  vdth  ungelatinised ^  HQ* 

Thus,  transition  of  burning  of  liquid  to  a  turbulent  regime  considerab^  favors 

the  possibility  of  e3q)lo8ion.  This  is  not  surprising.  The  aiidn  distinction,  of 

* 

detonation  from  normal  burning  is  that  with  it  the  reaction  takee  place  un^tr  m 
greater  pressure  and  in  the  form  of  burning  suspended  matter  of  particles  of  /eub^ 
stance  which  also  establishes  a  much  higher  speed  of  proceee*  Thus  for  realisation 
of  transition  of  burning  into  explosion  pressure  should  grow  and  suspended  hatter  < 
of  the  explosive  substance  should  be  formed.  However,  it  ie,  mifficlent  only  to- 
form  suspended  matter;  if  total  smface  of  its  burning  particles,  i.e,,  Uie  ,cur*- 
face  of  burning,  is  sufficiently  great,  then  pres8\h*e  «dll  be  increased  autcoiatlciQly* 

This  refers,  in  particular,  to  the  burning  of  NG.  Even  in  the  usual  lAboratdry  , 
conditions  of  a  test  at  flash  point  it  gives,  as  is  known,  an  intense  exploeidn* 

Even  mcare  we  expect  explosion  at  appearance  of  flash  of  in  industrial  eoi«ilti<ais, 
where  dimension  of  the  warm-up  aone  can  be  much  larger.  Therefca^  because  of  the 
ease  of  developing  turbulence  of  burning  and  the  lew  pressures,  with  vdiich  it  starts, 
self-ignition  of  NQ  in  industrial  emditions  practically  always  leads  to  esploeic^*^ 


The  Double  Influence  of  Pressure  On  Transition 
of  Burning  Into  Explosion 

The  essential  factor  of  transition  of  burning  into  explosion  is  C(msidered  to 
be,  and  not  unfounded,  an  increase  of  pressure.  If  powdery  substance  burns,  then 
an  increase  of  pressure  to  a  definite  aiagnitude  leads  to  penetration  of  hot  pro¬ 
ducts  of  burning  into  the  depth  of  the  charge  and  if  relatively  quickly  there  is 
formed  a  sufficiently  thick  layer  of  burning  suspensions,  then  this  can  lead  to 
transition  of  burning  into  explosion.  In  the  case  of  liquids  an  increase  of  pres¬ 
sure,  as  we  have  seen,  leads  to  the  appearance  of  turbulence,  vdiich  in  its  turn 
promotes  transition  of  burning  into  explosion.  Apparently,  for  such  transition 
onset  of  ttirbulisjation  is  more  favorable  at  low  pressures,  when  speed  of  formation 
is  great,  and  linear  speed  of  its  combustion  is  small  and  there  occurs,  therefore, 
an  accumulation  of  particles  or  drops  of  the  substance, 

An^other  phenomenon  is  possible.  With  excessively  intense  turbulization  cool¬ 
ing  of  flame  by  liquid  proceeding  into  it  becomes  too  great  and  burning  is  stopped. 
However,  if  during  attenuation  a  large  quantity  of  liquid  was  heated  also  to  a 
sufficiently  high  temperature,  then  in  it  can  be  developed  self-accelerated  decom¬ 
position,  v4iich  c^  lead  to  a  surpassing  of  heat  gain  over  heat  losses  and  to  flash, 
and  consequently,  in  the  case  of  NG,  also  to  e:q)losion.  Attenuation  and  explosion 
in  these  conditions  are  neighbors  and  turbulization  can  lead  to  explosion  not  by 
itself,  nor  from  increase  of  burning  rate,  but  through  formation  of  a  sufficiently 
'  large  volume  of  heated  substance,  in  which  thermal  explosion  can  be  developed. 

Local  explosion  of  KG  after  being  heated  during  attenuation  leads  to  explosion  of 
ail  the  remaining  ‘'cold"  part  of  the  substance.  Explosion  of  such  a  type  is  easy 
to  realize,  by  creating  artificial  local  warm-up  of  surface  layer  of  liquid,  with  a 
heated  spiral,  introduced  into  the  NG  to  a  certain  depth  (1.5 — 2m).  When  the 
spiral  is  on  the  surface,  then  igniting  causes  only  a  veak  flash,  accompanied  by 

spraying  of  liquid  arai  leading  neither  to  burning,  nor  to  explosion. 

% 

IMer  the  coMitions  of  the  described  experimmits  on  igniting  by  spiral,  an 
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incre«s8  ot  pressure,  preventing  attenuation,  can  rendw  a  etablising  effect  on 
burning.  IMs  effect  is  graphically  illustrated  1^  the  eaqperiiasnts  B*  N,  Kondrikoy 
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rwith  mixtures  of  liquid  nitrates  with  aside  of  lead  and  bijming  them  in  the  area  of 
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Fig,  ?.  Dependence  of  burning  rate  of  mixture  of  nitro¬ 
glycerine  and  azide  of  lead  (50:50)  on  pressure, 

l)  mixture  vdth  nongelatinized  NG,  2)  mixture  with  gela¬ 
tinized  NO. 

l)u,  ciVsocj  2)  kg/cnr. 

l!hus,  a  inixtiire  of  equal  (in  weight)  quantities  of  NG  and  azide  of  lead  at  3.7  atm 
gave  an  incomplete  explosion,  at  4.9  atm  there  occurred  attenuation,  and  at  5.4 
and  higher  pressures  (to  40  atm)  burning  was  observed,  as  a  rule,  without  transition 
into  explosion  (?ig.  7).  An  analogous  picture,  is  observed  also  for  weakly  gela¬ 
tinized  NGj  it,  by  itself,  thanks  to  Increased  viscosity,  is  capable  of  stable 
burning!  additirau  of  azide  of  lead  (50!^)  deprives  it  of  this  ability  at  low  pres- 
sxires  — igniting  leads  to  attenuation!  an  increase  of  press^iro  to  3  and  more  atmos¬ 
pheres  returns  its  ability  to  bum. 

This  refers  also  to  n±5ces  on  the  basis  of  NGL  (Fig.  8)  and  diglycoldinitrate! 
idtii  this  the  less  the  burning  rate  of  nitrate,  the  bigger  the  pressure,  starting 
fra.i  ^diich  its  ability  to  bum  is  restored. 

These  observations  are  explained  naturally  based  on  the  ides  that  transit i 
ui'ning  into  explosim  is  connected  with  the  scope  of  chemical  reaction  v^en  ij.- 
niting  a  layer  of  substance  of  a  certain  critical  thickness,  fixploaion  of  this 
Layer,  more  accm*ately  the  suspensitms  of  particles  of  the  substance,  v^ioh  form 


during  developraent  of  reaction  in  it^  if  it  leads  to  the  appearance  of  a  drop  in 
pressure  of  sufficient  magnitude,  causes  explosion  of  the  rensaining  part  of  the 
charge.  If  this  drop  is  insufficient,  then  attenuation  occurs  or  at  small  anpli-  | 
tude  pulsating  burning  appears.  Increase  of  pressure  under  the  ponditions  of  the  j  tl 

I 

described  experiments  hampered  thickening  of  reacting  layer  to  a  thickness  necessary  o1 


for  appearance  of  explosion. 
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Fig,  8,  Effect  of  composition,  pressure  and  method  of 
igniting  on  behavior  of  mixtures  of  weakly  gelatinized 
nitroglycol  and  azide  of  lead, 

a — igniting  directly  by  spiral,  b— igniting  by -means  of 
a  layer  of  weakly  gelatinized  NGL,  Every  square  on  the 

graj^  corresponds  to  one  experiment.  Numbers,  located  a-  c 

long  axis  of  abscissas,  signify  pressure  (or  pressure 
range),  with  which  experiments  were  produced.  Numbers  by 
brackets  --contents  of  azide  of  lead  in  its  mixture  \d,th 
gelatinized  nitroglycol. 

1)  Number  of  experimentsj  2)  Pressuref|-~  B  in  atrai  3) 

Condition  designations:  igburningi  oattenuaCionj «  ex¬ 
plosion. 
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Conclusicms 


Deptndencies  of  bunsing  rate  on  pressure  and  initial  teiqperature  for  liquid 
substances^  in  particular  nitrates  of  .alcohol^,  differ  because  of  turbuliaation  of 
the  frcBit,  setting  in  \mder  definite  conditi^s  of  burning^  from  those,  -which  are 
observed  for  solid  substances.  The  loain  factors,  detenoining  transition  of  burning 
into  a  turbulent  regime,  are  the  uu^gnitude  of  the  burning  rate  and  the  pressure. 
Turbuliaation  leads  to  a  sharp  increase  in  the  quantity  of  liquid,  proceeding  into 
the  xc»:ie  of  burning  >Mch  can  at  1cm  pressures  cause  attenuaticm  of  it,  but  at  hl.gh 
pressures  —strongily  increases  the  quantil/  of  the  burning  substance.  The  appear¬ 
ance  of  turbulent  burning  during  an  increase  in  pressure  can  lead  to  transition  of 
the  latter  into  an  explosion,  especially  at  lovr  paressures.  In  known  conditions  an 
increase  of  pjressure  can  stabilize  burning. 
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28.  On  the  Burning  of  Nitroglycerine 

V/ith  respect  to  burning  ability  nitroglycerine  is  distinguished  from 
other  nitro  esters  studied  from  this  point  of  view  by  certain  peculiarities 
111  ordinary  conditions  of  laboratory  experiment  (igniting  of  an 
incandescent  spiral  at  room  temperature  and  atmospheric  pressure  in  a  glass  tube 
several  millimeters  in  diameter)  nitroglycerine  does  not  burn.  In  order  to 
obtain  burning  it  is  necessary  to  conduct  the  experiment  at  lowered  pressure 
(I  at).  Burning,  but  already  in  turbulent  conditions,  is  observed  also  at 
pressures  (p)  great'ir  than«^*:ll  at  /”2_7,  and  besides,  its  speed  (u)  is  an  order 
greater  than  it  was  possible  to  expect,  extrapolating  the  dependence  u  on  p, 
obtained  in  the  area  of  lowered  pressures. 

Loss  by  nitroglycerine  of  burning  ability  at  pressure  above  ^  at  was 
eaiplained  by  the  transition  of  burning  to  turbulent  conditions.  In  the  area  of 
low  pressures,  when  chemical  transformation  during  burning  takes  place  with 
inccsnplete  heat  liberation,  constituting  only  nearly  half  of  the  possible 
maximum,  taking  place  as  a  result  of  the  turbulence  of  a  large  quantity  of 
liquid  in  the  relatively  cold  and  hardly-closed  zone  of  burning  stops  the 
chemical  reaction,  since  thermal  loss  becomes  too  large.  From  this  explanation  , 

it  follows  that  by  decreasing  relative  thermal  loss,  for  example  by  increasing  ^ 

the  diameter  of  the  tube,  it  would  have  been  possible  to  hamper  attenuation,  ^ 

and  in  the  limit  with  a  sufficiently  large  diameter,  in  general  to  prevent  it.  , 

Burning  of  nitroglycerine  would  be  then  similar  to  burning,  for  example,  of 

w 

8 


nitrog3ycol.  As  it  is  known  C^J t  case  are  observed  two  pressure 

areas  —  normal  {to*^  20  at)  and  turbulent  (above  20  at)  burning  —  without  a 
range  of  pressure,  in  vMch  burning  is  not  spread. 

If  this  is  so,  then  attenuation  of  burning  of  nitroglycerins  with  an 
increase  of  pressure  can  be  considered  as  the  result  of  a  significant  increase  of 
the  critical  diameter  of  burning  upon  transition  to  turbulent  conditions.  By 
increasing  the  diameter  of  the  tube  in  this  case,  it  would  have  been  possible  to 
increase  pressure  of  attenuation  and,  finally,  to  raise  it  11 — 15  at,  vdien  burning 
in  turbulent  conditions  is  spread  stably  with  a  diameter  of  the  tube  of  5  mm. 
Probablj'-,  it  would  be  even  sufficient  to  increase  pressure  of  attenuation  of 
normal  burning  to  a  lesser,  than  shown,  magnitude,  since  it,  during  burning  in 
turbulent  conditions,  is  lowered  with  an  increase  of  diameter.  Thus,  enlarge" 
ment  of  the  diameter  of  the  tube  would  approach  both  —  the  lower  and  upper 
•limits  of  the  range  of  absence  of  burning  by  pressure  and  should  lead  to  their 
blending,  i.e.  to  the  disappearance  of  this  interval. 

Side  by  side  with  the  shown  version,  that  it  was  possible  to  conditionally 
designate  as  the  transformation  of  nitroglycerin©  into  nitroglycol;  another  is 
also  possible  transformation  of  nitroglycol  into  nitroglycerins.  Having 
created  the  conditions  of  reinforced  heat  supply,  it  is  possible  to  expect  also 
for  nitroglycol  ceasing  of  burning  upon  transition  of  the  latter  to  turbulent 
co'ditions.  These  conditions  can  be  the  small  diameter  of  the  tube  or,  better, 
finding  it  instead  of  air  in  water  or  other  liquid. 

A  check  of  these  considerations  also  was  one  of  the  problems  of  this  work. 

The  solution  of  it  appeared,  however,  hampered  ly  the  circumstance  that  the 
diameter,  starting  from  >diich  r.itroglycerine  is  capable  of  burning  in  the  whole 
range  of  pressures,  apparently,  is  so  great,  that  it  makes  the  experiments  in- 
laboratory  conditions  unsafe. 

In  order  to  avoid  application  of  large  charges;  we  went  in  the  direction  of 
an  increase  of  viscosity  of  nitroglycerine  by  means  of  dissolution  in  it  of 


nitroc*llulo»«  (g«latin*tion).  Th«  incr«as«  of  viscosity  hampsrs  turbulsncs  and 
subdues  its  results  * 


Critical  Diameter  of  Burning  of  Liquid  Nitroglycerine  At  Various  Pressures 

For  determination  of  critical  diameter  of  burning,  nitroglycerine  was 
poured  into  a  conical  glass  tube  vdth  angle  at  the  peak  not  more  than  10®.  In 
order  to  ensure  constant  conditions  of  heat  supply,  the  tube  was  placed  in  a 
glass  with  water.  Experiments  were  conducted  in  a  cylinder  of  constant  pressure 
in  an  atmosphere  of  nitrogen.  Igniting  was  realized  frcxa  the  wide  side  of  the 
conical  tube  by  an  incandescent  Nichrome  wire.  The  critical  diameter  of  burning 
(dg)  was  considered  as  the  diameter,  below  which  burning  was  not  spread. 

As  the  experiments  showad,  the  critical  diameter  of  burning  of  nitroglycerine 
in  the  area  of  inci-eased  pressures  does  not  depend  on  whether  the  tube  with 
nitroglycerine  is  in  water  or  in  gas,  that  apparently,  can  be  explained  by  the 
great  burning  rate  in  these  conditions,  in  consequence  of  which  the  relative 
magnitude  of  thermal  loss  frc»a  the  quickly  moving  zone  of  reaction  does  not 
change  due  to  a  change  of  the  coefficient  of  heat  radiation  of  the  external 
surface  of  the  glass  tube. 

The  results  of  experiments  at  increased  pressui^es  (100 — 13  at),  when 
nitroglycerine  burns  in  turbulent  conditions,  show  that  the  critical  diameter 
of  attenuation  is  greatly  increased  upon  lowering  of  pressure.  The  curve, 
describing  this  growth  (Fig,  1,  curve  1),  can  be  presented  the  equation 
dp  -  “ITTr  —  critical  diameter  in  mm,  and  p  —  pressure  in  kg/cm^. 

Upon  transition  fr<xn  100  to  13  at,  d  increases  frc«a  0.35  to  3.5 — 5  wn.  If  the 
obtained  dependence  is  fulfilled  also  at  a  further  decrease  of  p,  then  the 
critical  diameter  at  atmospheric  pressure  should  constitute  lis.,5  cm. 


Fig.  1.  Dependence  of  critical  diaoeter  of  burning  (d^)  of 
nitroglycerine  and  its  gelatin  on  preaaure  (p)  in  the  range 
above  atmospheric  pressure. 

1  —  nitroglycerine  (+  —  in  air  environment}  —  in  water 
environment),  2  —  3*2^  gelatin,  3  5^  gelatin,  4  —  ^*5% 
gelatin.  (a)  d^  asnj  (b)  p  kg/cm^. 


Fig.  2,  Dependence  of  critical  diameter  of  burning  of  nitrO“ 
glycerine  on  pressure  in  the  range  150—1000  m  Hg. 

(a)  P  m  Hgj  (b)  d^  am. 
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ih  ft  rftn^  of  pi^ssures  bolow  atmoftphsric,  i*er«  burnihg  takfts  place 

1 

without  visible  puleation,  upon  increasing  p  the  critical  diaiaeter  increases 
(Fig.  2).  At  p  *■  150  ffld  Hg  the  critical  diajBOter  constitutes  2.5  to,  at  390  to 
—  7  nn  and  at  IO50  —  10  to. 

This  circcHiStance  is  sorowhat  une^qpected,  since  usually  with  an  increase  of 
pressure,  i.e.  an  increase  of  the  burning  rate,  the  thermal  losses,  and  with 
them  the  critical  diaroter,  are  decreased.  Apparently,  established  by  the  data 
of  the  experiments,  the  original  dependence  is  stipulated  by  the  fact  that  with 
the  caused  growth  of  ps^ssure  by  increase  of  the  burning  rate  is  reinforced  by 
turbulence  of  its  front,  which  also  increases  thermal  loss.  This  reinforcan»nt 
thermal  loss  due  to  the  appearance  of  turbulence  is  greater  than  their  decrease 
due  to  an  increase  of  the  burning  rate.  Thus  an  increase  of  critical  diameter  is 
a  more  sensitive  index  of  the  beginning  of  turbulence  of  burning,  than  an 
increase  of  its  speed:  and  appearance  of  pulsation.  The  possibility  of 
observation  of  the  latter,  for  example,  in  photographic  registration  of  the 

•  s 

process  depends  on  the  resolving  power  of  the  apparatus ,  Usually  pulsation  is 
fixed  only  in  developed  turbulence.  In  favor  of  these  considerations  is  the 
circumstance  that  the  critical  diameter  of  gelatinised  nitroglycerine,  during 
the  burning  of  whdeh  turbulence  is  basically  suppressed  in  the  same  area  of 
pressures  in  comparison  to  an  ungelatinized  substance  is  much  less  and  is 
decreased  with  the  increase  of  pressure:  the  critical  diameter  of  yf>  nitro¬ 
glycerine  gelatin  constitutes  at  atmospheric  pressure  approximatol;^’-  2  mm,  and 

~'^^tet^io^xal5^thes«  experiments  were  set  up  not  as  the  determination  of 
diameter  of  attenuation  during  burning  in  conical  tubes,  but  as  determination 
of  pressure  of  attenuation  during  burning  in  cylindrical  tubes  of  different 
diameter  under  slowly  increasing  pressure.  In  these  experiments  on 
determination  of  critical  diameter  at  pressures  below  atmospheric,  the  tube 
with  nitroglycerine  >»s  not  placed  in  water,  since  this  led  to  too  large  dg 
(more  than  12  to).  In  all  remaining  cases,  described  below,  the  tube  was 
placed  in  water. 
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'in-  cthift  'Conditions' 4^f-  apt  ppiph,  mii  4t;;f  >tui^  .-.diJliitsr;  sstjusl 
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c^nditidiS;  of  PiffPing  vsrj  *'sojtt‘>-i^J.ting  i»-ppesssj^.  .^;  Puitning  of 


nitrog23'’csriijs  wws  obtsinsd  svsn  at  ataosphsriCj  howsvsr,  only  >dth  cms  of  the 
diffsrsnt  tsstsd^  methods  of  ignition,  and  naiMtly  igniting  at  lowered  pz'essure 
with  its  subsequent  growth  to  1  at.  Apparently,  the  t»ual  methods  of  igniting 

i 

promote  the  appearance  of  well-developed  turbulent  conditions  of  burning,  with 

which  the  critical  diameter  ia  stuch  greater  than  during  normal  burning. 

1 

Subsequent  e^sperimshts  showed  that  the  dependence  of  the  poesibility  of 
!  burning  of  liquid  nitroglycerine  on  the  diameter  of  the  tube  (d)  is  more 

j 

ccsaplicated  (gig.  3).  If  at  low  prsssures  (14P-~150  ma  Hg)  is  observed  only 
the  usual  lower  limit  of  the  diameter,  obviously  stipulated  by  heat  losses  of 
noHMl  burning,  then  at  large  pressuree>  feu*  exaapiU.,  at  1  at,  burn^,  s^b!^ 
taking  place  at  small  diameters,  stops  being  spread  at  soneidiat  larger  values 
and  again  acquires  this  ability  upon  further  increase  of  diameter.  With  this, 
the  burning  rates  in  tubes,  of  small  and  large  diameters  are  apprccd^tely 
Identical  and  equal  to  O.14-~0.1d  cm/seo.  Corarespondingly  the  experiswntal 
method  of  establishment  of  both  critical  values  of  diaaster  (d^^  and  d2)  was 
different.  For  determination  of  the  first  of  then  nitroglycerine  was  ignited 
how  usual  in  a  tube  tapering  downwards}  burning  was  stopped  aftpr  achlevi^nt 
of  d^i  for  determination  of  the  second  limit  nitroglycerine  was  ignited  in  a 
tube  eapandiag  downwards  j  burning  was  stopped  upon  reaching  d  .  Another  possible 
wsion  of  ditewRination  of  the  dependence  d  *  f  (p)  end  d2  included  deiesMnation 
of  pressure  of  attenuation  during  burning  of  the  subetahee-iin  cylindsicjSki  tubes;. 


this  series  of  es^rlmsnts  nitroglycerine  was  ^plied  with  t^^ratiu:*e 
!  of'l^dening  11.0®.  results,  obtained  with  this  nll^ogl^erim,  quantitatively 
ecpudsat  distit^uiehed  from  that  described  abeve,^  but  the  gpmiral  piqtur®  • 


iTT*'*  <» 


n/ 


By  this  jwithod  curves  were  also  obtained,  shown  in  Fig*  3. 


The  described  dependence  ofdc  on  p  could  be  explained  by  the  fact  that  at 
pressure  of  approximately  1  at  the  burning  rate  is  alreadj'-  sufficiently  great 

in  order  to  cause  significant  turbulence, 

pmpTxr. 


Fig.  3.  Area  of  burning  of  nitroglycerine  at  small  pressures 
(cross-hatched)  .  a)  p  ram  Hgj  b)  d  ram. 

At  small  diameters,  however,  this  turbulence  cannot  be  developed  and  burning 

does  not  die  out;  increase  of  diameter  decreases  the  stabilizing  effect  of  the 

tube,  turbulences  causes  amplification  thermal  loss,  and  burning  dies  out.  At 

further  increase  of  diameter  of  tubes,  relative  thermal  losses  are  decreased, 

and  burning  at  a  certain  diameter  of  d^  again  becomes  possible.  As  confirmation 

of  the  described  explanation  serves  again  the  fact  that  at  pressure  of  1  at  for 

gelatinized  nitroglycerine  a  range  of  diameters,  in  which  biu'ning  is  not  spread, 

is  not  observed. 

Upon  lo;^ring  pressure,  d^  naturally  is  increased;  also  increases,  since 
at  a  lower  burning  rat©  its  inclination  towards  autoturbulenc©  is  lowered,  and 
stabilization  of  the  process  is  realised  even  at  a  relatively  large  diameter; 
d^  is  decreased  due  to  the  fact  that  because  of  lower  turbulence  (less  than  the 
burning  rate)  the  thermal  losses  stipulated  it  are  decreased.  At  a  certain 


,ow~  20  »  Hg  «aa  not  datorminad. 


■ufficifntly  low  pr«S8ure  p '  >  ^  beccets#  id«ntic«l,  »nd  th«  rang*  of 

diaiwter,  in  which  burning  is  not  observed,  disippeers.  Proa  these  date, 
incidentally j  follows  a  paradoxical  conclusion:  in  order  to  interrupt  burning 
of  nitroglycerine  by  means  of  passing  it  through  a  multichannel  barrier  it  is 
not  expedient  to  make  the  channels  too  thin,  since  in  this  case  turbulence  can 
be  s\:^}prs8sed. 

Critical  Diameter  of  Bui‘n3jrijg:  of  Gelatiniaod  Nitroglycerine  At  Yariouo  Fressures 

Gelatination  of  nitroglycerine  by  dissolution  in  it  of  nitrocellulose  leads 

to  a  certain  deceleration  of  burning,  and  mainly  greatly  hampers  the  appearance 

of  turbulence  due  to  a  sharp  increase  of  viscosity  of  the  solution.  In  accordance 

with  this,  the  aurea  of  turbulence  during  burning  of  gelatin  ('^3*2^  by  weight  of 

nitrocellulose)  is  displaced  in  the  direction  of  large  pressures,  and  the  curve 

d  “  f(p)  takes  on  an  original  form  (Fig.  1,  curve  2).  In  the  area  of  low 
c 

pressures  (1—10  at)  the  critical  diameter  is  decreased  with  the  increase  of 

pressure  —  obviously  due  to  an  decrease  of  relative  thermal  loss  because  of  the 

increase  of  burning  rate.  However  in  the  range  from  10  to  30  at  the  critical 

diameter  grows  and,  for  exaaple,  at  30  at  is  significantly  greater  than  at  5  at. 

This  growth  should  add  to  the  increase  of  thenaal  loss  due  to  the  appearance  of 
1 

turbulence  ,  the  influence  of  which  in  this  case  is  stronger,  than  the  influence 
of  the  growth  of  the  burning  rate.  At  a  further  increase  of  pressure  frc«a  30  to 
100  at  the  critical  diamseter  is  decreased,  apparently,  because  in  this  region  of 
pressures  the  influence  of  growth  of  burning  rate,  and  possibly  also  the  increase 
of  its  ten^rature  (due  to  the  transition  to  coabustion  up  to  K2  instead  of  NO), 

iThe  originality  of  this  turbulence  is  the  fact  that  in  C8u»,ing  Us 
increase  of  critical  disaster,  it  is  not  accomp^ed  by  an.  increase  of  ths 
burning  rate.  Such  an  increase  for  %  gelatin  appears,  ajqparently,  only  ft 
much  greater  pressures (apprcximstely  300  at),  when  in  a  series  of  photographs 
sometimes  a  sudden  strong  Increase  qf  burning  rate  was  observed  (see  Table  2, 
photo  10) 


obtains  &  predomin&nt  value. 


It  if  interesting  to  ecB^)ar6  the  curve  for  gelatin  with  the  curve  for 

Rongelatiniaied  nitroglycerine  (Fig.  1,  curve  1).  Frcan  10  to  25  at  the  critical 

diameter  of  liquid  rtitrogl^.-'cerine  is  much  greater  than  gelatin,  in  spite  of 

the  fact  that  the  speed  of  its  burning  is  approximately  10  times  more.  This 

undoubtedly  is  the  result  of  more  intense  turbulence  in  the  case  of  a  liquid 

nongelatinized  eaqplosive,  stipulating  greater  thermal  loss,  and  graphically 

illustrates  the  influence  of  this  factor  on  critical  diameter.  From  25  to  50 

at,  conversely,  d  of  nitroglycerine  is  already  somewhat  loss  than  gelatin  — 

0 

this,  apparently,  is  the  result  of  the  high  speed  of  burning  of  the  liquid. 
Hlxperiments  with  more  viscous  (55§  nitrocellulose)  gelatin  (Fig.  1,  curve  3) 
showed,  in  general,  a  similar  (with  3%  gelatin)  picttu'e.  In  order  to  suppress 
turbulence  by  increasing  viscosity  (burning  rate  upon  change  of  contents  of 
nitrocellulose  from  3  to  8,5%  practically  does  not  change  —  Fig.  4),  it  was 
necessary  to  increase  the  contents  of  nitrocellulose  in  nitrogli^cerine  to  8.5^. 
In  this  case  (Fig.  1,  curve  4)  a  maximum  on  the  curve  d^,  *=  f(p)  is  not  observed, 
however,  on  the  graph  is  seen  in  the  corresponding  area  of  pressures  a  section 
of  constancy  of  critical  diameter. 


Fig.  4.  Dependence  of  burning  rate  of  nitroglycerine  gelatin 
on  pressure.  1—3.2^,  2 — 5%p  3 — 8-5/S 

(a)  u  cm/sec. j  (b)  p  kg/cm*. 


<i>/f 


In  Tftbl#  1  are  equations,  describing  the  dependence  of  on  preioure  for 
nitroglycerine,  and  also  for  nitroglycerine  gelatin  and  certain  other  studied 
*  nitro  esters  and  their  mixtures. 


Tabla  1 

Dependence  on‘  pressure  of  critical  diameter  of  burning  of  liquid 
and  gelatin  nitro  esters  and  their  solutions 
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1)  Substancej  2)  Range  of  pressures,  atj  3)  Nitroglycerine j  4)  3.2!?  nitro¬ 
glycerine  gelatin;  5)  5^  nitroglycerine  gelatin;  6)  8.5^  nitroglycerine 
gelatin;  7)  Nitroglycol;  8)  3^  nitroglycol  gelatin;  9)  Nlxiture  of  nitroclycol 
with  nitroglycerine  (90:10);  10)  Diglycol  dinitrate. 

*N0TE:  The  English  equivalent  of  the  Russian  d;^  is  d^. 


>r. 


Table  2 

Character  of  burning  of  different  liquid  and  gelatin  nitro  esters  and 
their  solutions.  Photographs  obtained  vdth  the  help  of  a  photoregister. 


Mitro  esters:  the  pressure  at  which  their  burning 
occurred  and  results  of  observation 


2.  nitroglycerine  gelatin, 
p  =  26  at.  A  certain  distortion  of 
the  burning  front  and  periodic 
approximation  to  it  of  a  secondary 
fl^e  is  observed 


1.  5%  nitrogl^^cerine  gelatin, 

p  -  t  at.  Clearly  noticeable  frontal 
priinar:’'  illumination 


3.  5%  nitroglycerine  gelatin, 

p  -  Z^2  at.  Frontal  primary'-  illumination 
and  much  more  bright  secondary  flame, 
separated  from  the  first  dark  zone 


5.  10^  solution  of  nitroglj'cerine 

in  nitroglycol,  p  =  I6  at.  Irregular 
distortion  of  the  burning  front  — 
pulsating  burning 


4.  105^  solution  of  nitroglycerine 

in  nitroglycol,  p  -  24  at,  starting 
j.n  normal  conditions,  burning  chang:.. 
to  turbulent  conditions 


6,  lOfo  solution  of  nitroglycerine 
in  nitroglycol,  p  =  26  at.  periodic 
turbulence  with  a  frequency  of  80 
sec”^ 


Table  2  (Continued) 


7.  Diglycol  dinitrate,  p  =  81  at. 
Burning  vdth  great  speed j  at  transition 
of  burning  from  a  tube  of  large 
diameter  (4*8  nni)  to  a  thick-walled 
capillary  (1  mm)  decrease  of  the 
burning  rate  and  disappearance  of 
secondary  flame  is  observed 


9.  %  nitroglycerine  gelatin,  p  = 

213  at.  Gradual  increase  of  speed  by 
measure  of  burning  of  charge 


8.  10^  solution  of  nitroglycerine 

in  nitroglycol,  p  =  9  at.  Multi- 
zone  structure  of  primary  flame 


10.  %  nitroglycerine  gelatin, 
p  «  361  at.  Double  sharp  increase 
of  burning  rate 


For  illustration  of  the  character  of  burning  of  the  investigated  substances 
and  their  mixtures  in  Table  2  are  photographs  of  burning,  obtained  with  the 
help  of  a  photoregister. 


Critiol  PiiawtT  of  Burning  of  Nltroglycol,  Hixturag  of  It  With  Hitroglycgrine 
And  Diglycol  dinitratt  At  Various  Pr««8ur(i8 

In  Fig.  5  (curve  l)  is  show  the  change  of  d  with  pressure  for  nitroglycol. 

C 

In  the  entire  area  of  pressure  frm  1  to  80  at  the  critical  diameter  is  decreased 

1 

frcsn  13  asn  at  1  at  to  0.4  naa  at  80  at.  However  in  the  range  pressures  10—20 
at  in  those  cases ^  idien  burning  occurred  with  pulsation,  attenuation  occurred  at 
a  noticeably  large  diaoete^  in  spite  of  the  fact  that  the  burning  rate  in  these 
conditions  wts  much  larger. 

In  order  to  more  clearly  reveal  the  charge  of  d.  upon  transition  of 
burning  to  pulsating  conditions,  experiments  were  continued  with  the 
application  of  solutions  of  nitroglycerine  in  rdtroglycol  (Fig.  5,  curve  2). 

A  1(^  solution  of  nitroglycerine  in  nitroglycol  burns  somewhat  faster  than  pure 
nitroglycol,  and  correspondingly  a  transition  to  turbulent  conditions  is 
observed  at  a  somewhat  smaller  pressure  ^  15  at.  Curve  d^  *  f(p)  has  a 
maximum  near  this  pressure;  it  is  time  that  duo  to  scattering  of  the  points  it 
is  not  very  clearly  expressed. 

(*•)  4,m 


Fig.  5.  Dependence  of  critical  disaster  of  burning  of  nitroglycol,  its 
mixtures  with  nitroglycerin©  (90:10)  and  3%  of  nitroglycol  gelatin  on 
pressure.  1— nitroglycol,  2—10^  solution  of  nitrog^csrina  in  nitroglycol, 
3-^3%  nitroglycol  gelatin,  (a)  mm;  (b)  p  kg/cm^. 

~  ’ thgTtubs "is  surrounded  not  by  water,  but  air,  then  the  critical 

diasBter  is  significantly  less  (**>'  1  m) . 


!»  4*  . 


\ 

] 

attea^t  t*s  aiade  aOJso  to  obtain  attahuation  of  burning  of;  nitrog^col 
during  transition  to  tiirbulent  conditions.  In=  ^iiai  cpraiiiiphs;  of  tha 
I  laboratory  S3(^riment  for  nitroglycoi  a  range  of  preseisre  is  riot  observ’sd, 
dividing  the  area  of  norraal  and  turbulent  buridng,  in  >Mch  burning  could  not 
,  be  spread.  The  probable  cause  of  this  distinction  of  nitrpglyeol. froia 
riitroglycerine  is  the  circumtance  that  for  the  first  transition  to  turbulent 
conditions  is  observed  at  a  high  pressure'  (^  20  at),  ydieri  bijrriing  occurs  alreadT 
with  full  heat  liberation  and  vdth  significant  speed,  and  the;  predpadnatibn  of 
thermal  loss  above  heat  arrival  is  not  realized. 

Thermal  losses  may  be  increased  by  decreasing  the  diaroter  of  the  tube.- 
This,  however,  did  not  lead  to  attenuation  of  burningj,  appareritly^  because  the 
decrease  of  diameter  haii^jered  the  appearance  of  turbulence  siMlar  to  what  was 
observed  for  nitroglycerine.  Another  possibility  included  the  increase  of 

I 

I  temperature  of  the  experiment,  lowering,  as  it  is- known,  the- pressui*©  of 

( 

I  transition  of  burning  to  turbulent  conditions .  In  addition^  the-  tube  with 

was  / 

I  burning  liquid/plabed  for  amplification  of  heat  supply  in  water  at  a 

I 

corresponding  temperature.  In  these  conditions  at  40®  the  transition  of  burning 

I 

to  turbulent  conditions  occurred  at  a  pressure  of  approximately  8  at .  In  a 
■  significant  part  of  the  experiments  conducted  both  in  conical,  and  also  in 
cylindrical  tubes,  attenuation  was  observed  of  burning  at  diameters  of  4*—10  mm 
(Fig.  6),  and  it  was  also  observed  in  those  cases,  i^dien  burning  started  ' 
immediately  in  turbulent  conditions. 

!  Thus,  attenuation  of  burning  during  transition  to  turbulent  conditions  may 
'  be  observed  also  for  nitroglycol,  although  for  this  explosive  it  is  not  so 
clear  Is--  expressed  as  for  nitroglycerine. 


Fig.  6.  Dependence  of  critical  diameter  of  burning  of  ^trogl^'-col 
on  pressure  at  40  and  20®,  (a)  d^  onij  (b)  p  kg/csT. 

(a) 


(*) 

Fig.  7.  Dependence  of  critical  diameter^ of  burning  of  diglycoldinitrate 

on  pressure.  (a)  d^  naaj  (b)  p  kg/caT . 

The  critical  diameter  of  gelatin  nitroglycol  (Fig.  5,  curve  3)  is 
significantly  less  than  for  liquid  at  all  pressures,  possibly  due  to  a 
decrease  of  the  role  of  convection  heat  radiation  j  the  distinction  is  s’pecially 
great  in  the  area  of  those  pressures,  where  burning  of  the  liquid  changes  to 
turbulent  conditions . 

The  diameter  of  attenuation  was  determined  aLso  for  burning  of  diglycol¬ 
dinitrate.  At  atmospheric  pressure  the  critical  diameter  is  great  (»-»14  awi) 
obviously  in  connection  with  the  small  burning  rate^.  At  an  increase  of 


^In  a  tube,  surrounded  by  air,  the  critical  diameter  at  atmospheric 
pressure  constitutes-*»5  nmi..^  •  * 


pr«i8\^  it  is  (Fi^s  >  it  « :]pz«S8i^  Jtb^  ‘55  it,  Iwhir^;  jdf 

diglycol  dihitrat*;  cbinj^s  to  turlmlaht  cpnditiphf  ,.  in 

be  confi:^d  by  the  >great  iburair^  rate  in  tubes  of  significant  ;diajj»tep  |F^i- 
8) Hpwyer  ttts  ?^ed  is  .^atjy  decreased  Kith  a  de.criwUie  ot'ii^y:d^ijiMt9r-  of 
the  tube,  obvipusiy,  due  to  its  stabilising  influence;.  *In:  cpiwiectidn  with  the 
fact  t^t  detennihatipn  of  dianteter  pf  attenuation,  acc(^'Hl^ 
simultaneous  dete:^natioh  pf '  the- bitthing^  it  rewiins  yague,,  whether  to 

refer  the  valv»  4^  at  pressures  turbulent  or  hor^l.iburr^^ 


Fig.  8.  Dependence-  of  boning;  rate  pf'4il|ijcoldiritra^ 
pressures),  oh  pressure  in  tubes  of  diffewnt-^,^^ 

2i-l  mm.  (a)  u  c^sec .  j  (b)  p  t--/--* 


.increaiid^ 


ConclusiphS' 

1.  Burning  of  nitroglycerine  in  liquid  and^gelatln  ihitrowllul'M  fpi* 
and  certain  other  nitro  esters  in  the  ran^  of  j^ssurts.  O* 01*^-100  at 
investigated. 

2 .  Critical  diameter  and  burning  rate  at  atmospheric  , pressure  for  ' 
investigated  nitro  esters  are? 

d(v  in  nm  u  in  qi^sec 

0,5  6M 

1.0  ■  0.Q30 


Nitroglycerine... 

Nitroglycol . 

Diglycoldinitrate 


5 


0.012 


3*  in  rto|i  of  pwsiuros  20—100  at  the  critical  diaoiBtar  of  biffhing 

of  iMieattd  niiro  astars  is  daeraaaad  at  an  inciraasa  of  prassin^  according  to 

■A'„ 

tha  law  *■  ’ttT'  *  whaw  n  is.  includad  betwaari  1.15  and  1.48. 

. ■  ■  c  .  ■ '  . . 

4.  Transition  of  burning  of  liquid  (s^iroglycarina,  nitrpglycol)  to 
turbuisht  conditions^  laads  to  a  li^ga  incfaasa  of  critical  (^amatar. 

5y  ^11'  dianetars  of  tha  tuba  stabiliaa  bvirnir^  of  xiitrogljrcarim, 
hamparihg  transition  from  normal  to  turbulent  conditions|  tharafora  in  known 
ccs^itipns  it  is  po®8ifei«  to  obsarva  thraa  critical  valuas  of  diaaatar;  d^  — 
tha  ;sa»13ba8t,  with  which  normal  burning  is  possibla,  d^  *r-  tha  largast,  abova 
idiich  tha'appaaranca  of  turbulanca  laads  to  attanuation  dua  to  an  incraasa  of 
tharmal  loss  on  tha  outside,  and  d^  —  aboya  which  burning  again  becotnas 
pbssibla  due  to.  tha  dacraasa  of  ralativa  surfaca  of  haat  supply.  At  atmospheric 
prassv^  tha  critical  valuas  of  diamstar  constitute  correspondingly  0.5 j  2.6 
and  7*5  nm« 

6.  Ihcraasing  tha  viscosity  of  nitroglycerine  by  means  of  dissolution  in  it 
of  a  high  polymsr  (nitrocallulpsa),  hampering  turbulanca,  decreases  the  growth 
of  tha  critical  diamet^ir  (upon  transition  of  burning  to  turbulent  conditions), 
and  at  sufficient  viscosity  —  eliminates  it. 
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B.  .N.  Kondr^ov 

29.  Oh  .Burning  of  MixturOs  of  Initiating  ExplotlTti  Andi  laiB^  ' 

Nitro  Eaters 

The  BMin  peculUritj  of  inltlatiiig  expl^iye?  cohsiste  4^  tte  feet  that 
burning  them  changes'  into  detonation  imder  such  conditions  (miap  openljr 
located  charge^  usual  pressure;  and  t«i^rature)>  in.  which  eiqplpsiVes  other 
classes  burn  stably  and  smoothly.  The  ca\^s  of  thisrd^t^ct^^^ 
completely  clear  .  One  of  them,  obviously,  is:  the  Mgh^  speed  of -bun^^ 
initiating  e3q>losiye8,  attaining  at  atapsphe^'io  pressure  tens  of  centteters 
per  second.  Howewr  this  cause,  apparently,  is  hot  4)ie  oi^  doe.  It  is 
known  that  certain  explosives,  for  example  pierates.. of  SMtaito,  . also.  pM 
very  high  burning  rate  and  nonetheless  do  not  refer  to  the  cliss  of '  initiating 
explosives.  On  the  other  hand,  such  typical  initiating  explosives,  4uch  as 
lead  azide,  in  general  do  not  burn  and  i4>on  i^ting;  1 ■mediately,  iiithout  iMeh 
there  would  be  no  period  of  burning,  they  detonate.. 

Due  to  the  significant  combustion  instability  of  initiating  e^losiyes,  it 
is  quite  difficult  to  study  this  process  and  the  causes  of  its  transition  into 
an  explosion.  Meanvdiile,  it  is  known- that  certain  i^Lxtures  of  initiating 
e^qplosives  with  inert  substances,  and  also  Secondary  esploeives:  are  capable-  pf 
burning  coupletely  stably.  Th\»,  ndxtures  of  lead  aside  with  i^latin  nitro¬ 
glycerine  and  nitrocellulose  /"2_7j  J73jt  C'^J  atably  at  atmoepheric 

i  pressure  even  with  contents  in  them  of  to  30— 405^  aside. 

I 

j  It  is  interesting  to  explain  the  ^hfluence  pf  pressure  on  the  character 

!  ■  .  * 

J  and  burning  rate, of  s:^lar '•mixtures  with, different  .qpnle|it|_q£«^  anjbnear 

_  e 


V 


» 


iht  irM  of  coi^itioM,  itiuiing  to  transition  of  b^hinf  intp'  s^qplMion.  Am 
•scondary  saqplosivss  wiV  applisd  liquid  nitrp  sac^rs  (nitroglycol,  nitro- 
glycarine  and  dfg3ycoijdinitrate)>  usi^lly  gelsitiniasd  by  a  s^ll  quantity  of 
collodion.  Of  ths.  initiating  s^losiyss,  bosidas  laad  aside >  le^  styphnate 
and  potas.sim  picrate  wtra  also  partially  studied  ^ 


.Liquid  i^tro  esters  were  gelatinised  by  a  small  quantity  {3%)  of  collodion 
(12^  N)  and  carefully  laixied  with  ^  initiating  explosive,  sifted  through  a  silk 
sieve  with. 39  apertures  per  centimeter.  Mixing  was  done  with  a  wooden  stick  in 
a  well  glased  porcelain  cup.  The  obtained  i&ixture  was  sucked  or  stuffed  into 
tubes  of  molybdenum  glass  with  fused  ends .  The  diameter  of  the  tube  usually 
constituted<v5  Btti  the  height  of  the  charge  1 — 2  cm.  Determination  of  the 
derwlty  of  charges  of  ora  of  the  miprtures  prepared-  in  this  manner  showed  that 
this  density  is  near  to  the  theoretical  one. 

At  increased  (to  70  at)  pressures  the  e3q)eriments  were  conducted  in 
cyli^ers  to  stu^  the  burning  of  ejqjlosives  at.  constant  pressure.  Experiments 
in  this  Cylinder  were  conducted  in  an  atmosphere  of  nitrogen,  rarer  — -  carbon 
dioxide.  Igniting  was  done  with  an  incandescent  current  of  Nichrome  wire 
through  a  layer  of  gelatinised  nitroglycol  or  directly.  Speed  and  character  of 
burning  was  fixed  with  the  help  of  photoregister,  and  in  a  number  of  cases  — 
AK-16  a  movie  camera. 


Results  of  Experiments 


Mixtures  of  Lead  Aside  With  Nitroglycol 


Upon  igniting  a  mixture  of  slightly  gelatinised  nitroglycol  with  lOJ^  lead 

aside  in  air  in  tubes  5  mm  in  diameter  after  combiyition  of  a  layer  approximately 

2  mm  thick  attenuation  occurs.  In  tubes  7  nsn  in  diameter  a  layer  3“-4  mm  thick 

» 

^  ♦ 

burns,  and  at  a  diamster  of  10.5  mm-~a  layer  4 — 5  mm.  Burning  is  aecco^nisd  by 
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strong  frs^snt  crackling,  aiki  so^tljsiss  f^cm  thf  of  thi  alJctW' 

nearly'  a  iniiliaeter  in  siae  fly  out. 


Increase  of  pressure  H&Mlises  boning  eiuiier,  the  ^i^ger  the  dlaaster- p| 
the  tuiw.  At  a  diamter  of  5  w  the  mixture^  died  out  at.  k  5  at  and;  started 
to  burn  onij’’  at  6  at.  At  a  dia^ter  of  the  tube'  of  7' m -burning  occuira^^^^^ 

4  at;  At  higher  pressures  the  nlxture  burns  stably  with  a  speed  tj^actdcally 
equal  to  the  burning  rate  of  pure  gelatin  (Fig.  I)'.  The  iwcpnda^  bf 

mixture,  clearly  noticeable  in  the  photographs,  starting  froa  a  pi^ssuil^  .of  ;3rat^. 


is  not  dull  red,  as  in  burning  of  one  gelatinised  hitrpglycbi,,  but  bright  idiita. 
The  vidth  of  the  dark  zone  betwen  it  and  the  surface  of  the  condensed  .phase-  is 
near  to  the  width  of  this  zone  in  the=  case  of  burning  gelatinised,  nitrog!^ 

(Fig,  2).  At.  a  pressure  of  approximately  20  at  in  certain  photographe  ;(Fig,  3) 

'  4  wave  zones  of  burning  are  visible.  •  .  ,  , 

With  large  concentrations  of  azide  in  the  mixtiu^,.  ignitingSS^  not  .only 
'  to  attenuation,  but  also  to  explosion  of  the  charge.  From  Fig.,  8|  located-^ 

^  article  27  (see  page  608  of  the  collection)  and  depicting  the  influence  of 
composition,  pressure  and  method  of  ignition  on  the  behavior  of  mii^uree  of  iMd 
azide  with  gelatinized  nitroglycol,  it  is  clear  that,  by  increaaing  the 
pressure,  it  is  possible  to  prevent  attenuation  or  oaqploeioh  ai>d  to  obtain  stable 
burning  of  the  mixture.  The  appearance  of  an  e3q>loeion  is  facilitated  by 
igniting  the  mixture  directl;y-  with  a -heated  wire,  especially  if  it  is  in¬ 
troduced  to  the  substance  at  a  certain  depth.  It  is  completely  natural  that 
with  large  contents  of  azide  an  explosion  occurs  easier- than  with  smail.  idth 
contents  in  the  mixtures  of  75%  PbN^  stable  burning  of  it  is  not  stimulated  oven 
with  an  increase  of  pressure  to  54  at. 

The  pressure,  beginning  from  vdiich  the  mixture  becosMis  capable  of  stable 


bupnii^,  with  of  c6ht*nta  of  »ii(te  in  it,  conaidarab^  grows.,  "nds 

growth  is  Mii^ssfl  b7  ths  ^i&tionship 

1.32b  o 

Per  ■  4.iQi  ■  ,  kg/cBT  (ms  Fig.  k), 

whsrs  m  is  ths  cohtsrits  of  Issd  ssids,  in  mixtures  with  ^Istiriissd  nitroglycol 
'(®>  '  >/* 


/f^ 
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Figi  1.  Influence  of  pressure  on  burning  rate  of  mixtures  of  lead 
aside  with  gelatinised  nitroglycol. 

Fbrcent^ge  of  PbN^  in  the  mixtures:  1  — O  -r-  Pj  •  —  lOj  2  —  30j, 

3  -rr  50,  4  —  66;  dotted  line  A  separates  the  area  of  stable  burning 
froia  the=  area  in  idiich  the=  mixtures  die  out  or  e3q)lode., 

A)  Mass  burning  rate;  B)  Pressure  p  kg/<mr;  C)  Conditional 
designations:  Points  o  on  straight  line  3  -  experiments  in  an 
atmosphere  of  CO2;  All  remaining  -  in  an  atmosphere  of  nitrogen; 

P)  u  g/cffl;  •sec. 

The  burning  rate  of  similar  mixtures  (see  Fig,  1)  is  approximately 
proportional  to- pressure.  The  dependence  of  the  proportionality  factor  (B) 
on  composition  of  the  mixture  can  be  presented  in  the  form  of 
B  =  0.035e^*^^  g/cm^  sec:  kg/cm^  (see  Fig,  4), 
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Fif .  2 .  Influence  of  pressw.e  on  ■width  of  d^l'-  during  ;burMng' 
of  niixtiu'es  of  lead  azide  and  chloride  with  gelAtinlzed:  nitrogl^’^coly 
l-“inixtures  with  PbGl2,  2,.  3j  4r-^nixtiu^C5  vAth  EbNg^  (3C^ 
lead  azide-  is  insi^fficientl;'/'  uniform  and^  burns  nonuniforj^r) 

A)  .’/idth  of  dark  zonej  E)  Pressure  p  kg/cn^-j  C)  Conditional 
designations:  on  curve  1; au  x  -  contents  of  lead  chloride  in 
mixtures  of  10  and  '3^{j  on  curve  2 ;.  o  u  +  -  cpntent8>  ;pf  iiad- azide 
of  6  and  10;5  correspondingly*;  oh  ciirve  3-:  e  u  #  ~  the  same  5P^  and. 
on  curve  4;  A  -  the  same  305^* 


Ih  Fig.  5  at-e  photographs  of  burhirig  of  ini^ures.  of  lead  azide,  and 
gelatinized  nitrogljrcol  with  a  content  of  30,  50  and  605S;.';PbN^.  .The  flame 
during  burning  of  these  mixtures  usually  -consists-  of  three  zones,  'knd  tiw 
width  of  the  darP.  zone  is  less  than  during  burning  of  -platinized  nitrogiycol 
(Fig.  2). 


Fig.  3.  Durning  of  a  mixture  of  lead  azide  with  platinized 
nitrogl;7Col  10:90  at  a  pressure  of  22  at  (negative). 

For  preparation  of  a  mixture  with  305^  PbN^,  as  distinguished  from  other 

mixtures  azide  was  used,  not  passed  through  a  sieve  and  containing  topther 

vnth  the  thinl’.'-dispersed  substance  small  lumps  of  adhering  powder,  !rhis 

mixture  especially  easy  exploded  at  low  pressures,  and  at  increased  —  burning 

of  it,  although  it  was  fully  stable,  occurred  extresaely  nenunifora  (Fig.  5,  d). 


(ti) 
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Fig.  4.  Dependence  of  burning  rate  and  critical  pressure  on 
cqii^psition  for  mixtures  of  lead  azide  >dth  gelatinized  nitroglycol. 
i — critical  ,pr:es8ure>  2 — proportionality  factor  B  in  the  equation 
u^  “  Time.  A)  Critical  pressure  kg/cm^j  B)  Contents  of  lead 

2 

azide  in  mixt\u*eaj  C)  Proportionality  factor,  B  -  10  . 

CBir  •  sec  cnr 

Mixtures  of  Lead  Azide  With  Nitroglycerine  and  Diglycoldinitrate 

Mixtures  of  lead  azide  vdth  other  liquid  nitro  esters  behave  analogous  to 
mixtures  of  it  with  gelatinized  nitroglycol. 

Thus,  a  raixt\ire  of  equal  quantities  of  azide  and  slightly  gelatinized 
nitroglycerine  at  2  at  died  out,  but  already  starting  with  3  at  and  higher 
stable  burned  with  a  speed,  approximately  linear  increasing  with  pressure  (Fig. 
6). 

A  mixture  of  50? 50  lead  azide  with  nonge latinized  nitroglycerine  behaved 
analogously.  Upon  igniting  it  at  3.7  at  an  incomplete  explosion  occurred  at 
4.9  at  the  mixture  died  out,  at  5.4  at  —  it  ignited  and  smoothly  burned.  At 
a  distance  of  nearly  one  centimeter  above  the  surface  of  the  condensed  phase  a 
yellowish  secondary  flame  was  observed.  At  higher  pressures  the  mixture  is  well 
ignited  and  stably  burns  with  a  speed,  somewhat  greater  (Fig.  6),  than  the 
burning  rate  of  a  gelatinised  mixture,  but  significantly  (approximately  twice) 


•as  less,  thar  the  burning  rate  ox  nitrog2;;»'CQrihe  wi'^'iiput  lead  aaide  £  L;J{i 

Ir*  ojie  experijiient  (at  33  at)  at  the  end'  of  burning  a  yeak  explosion' obsaryed. 

A  mixture  on  the  basis  of  gelatinized  diglycoldinitrate  50:30  at-  mpderatelj'’ 
i  icreased  pressures  (38  .and  47  at)  did  not  burn  or,  burned  a.  little  and  died  out 
(51  at):  at  53^  55  and  60  at  stable  burning  was  observed  with  a  speed,  1^1*5'  ot/ 


Fig.  5*  Burning  of  mixture  of  lead  azide  with  gelatinized  riitroglj'col. 
Percentage  of  PbNz  in  mixtures  and  pressure.  a — 5C?S  and  21  at 

(positive),  b — 60;3  and  32  at  (negative,  at  the  end  of  burning  is  an 
explosion,  well  seen  is  the  transition  from  burning  of  a  layei*  of 
gelatinized  nitroglycol  to  burning  of  the  mixture),  c — 60^  and  65  at 
(negative),  d-“3Q^  and  25  at  (negative,  burning  is  stable  but  non- 
uniform)  . 

On  the  photographs,  a  bright  narrow  strip  of  flame  is  noticeable  near  the 
surface  of  the  condensed  phase  (Fig.  7)j  burning  is  accompanied  by  a  set  of 
weal,  flashes,  adding  a  characteristic  striped  form  to  the  photograph. 
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Fig.  6.  Ds^ndence  of  burning 
rate  of  jni^ures  of  lead  Mide 
with  rdtroglycerine  50t50  on 
pressure..  1— nitroglycerine, 
nongelatinized,  2--nitro-* 
glj'’cerine,  gelatinized. ^  a  - 
\i  cni/sec.  5  b  -  p  kg/cm- . 


Fig,  ?.  Burning  of  a  mixture  of  lead  azide  with  gelatinized 
diglj’’Coldinitrate  50:50  at  a  pressure  of  60  at  (negative). 


Mixtures  of  Lead  St^/nhnata  With  Nitr ogive  ol 

A  mixture  of  305?  lead  trinitroresorcinate  (TNRL)  with  gelatinized 
nitrogl;^col  at  atmospheric  pressure  in  tubes  5  and  7.5  mm  in  diameter  dies  out. 

At 

At  a  diameter  of  10.5  the  mm  mixture  slowly  burned  with  frequent  strong  i 

j  vdt 

crackling.  At  increased  pressure  the  mixture  burns  evenly  and  stably  with  a  , 

j  mea 

speed,  near  to  the  burning  rate  of  a  mixture  of  nitroglycol  with  305?  lead  azide 


(Fig.  8  and  9).  ! 

At  an  increase  of  contents  of  TNRL  to  5C??,  the  burning  rate  and  pressure,  Mi^ 

starting  from  which  the  mixture  burns  stably,  are  increased,  and  distribution  of 
the  flaims  becoH«s  nonuniform  (see  Fig.  10  and  11).  wit 

A  mixture,  containing  6Q1?  TNRL,  at  atmospheric  pressure  gives  an  explosion  die 

(upon  igniting  both  directly  by  a  heated  wire,  and  also  through  a  layer  of  bur 

gelatinized  nitroglycol).  ^  gel 


Fig.  3.  Buirning  of  a  mixture  of  30^  TNia  with  gelatinized 
"dtroglj’'col  at  a  pressure  of  20  at  (negative). 
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Fig,  9.  Influence  of  pressure  on  burning  rate  of  mixtures  of 
lead  styphnate  and  azide  with  gelatinized  nitrogiycol.  1  and 
4— mixtures  with  TNRL  50  and  30%.  2  and  3 — mixtures  with  PbN^ 

— 50  and  30%  (correspondingly),  a)  u  cm/sec j  b)  p  kg/cm^. 

At  increased  pressures  the  mixture  burns,  although  extremely  nonuniform,  but 

vdthout  transition  to  explosion,  and  besides  the  burn-up  time  of  the  charge  by 

measure  of  increase  of  pressure  is  Increased,  i.e.  the  average  speed  of  burning 

is  decreased  (see  Fig,  11). 


Mixtures  of  Potassium  Picrate  With  Diglycoldinitrate  and 'Nitroglycol 

The  influence  of  composition  on  burning  of  a  mixture  of  potassium  picrate 

with  gelatinized  diglycoldinitrate  at  atmospheric  pressure  in  tube  11  ami  in 

1 

diameter  is  illustrated  in  Fig.  12  .  A  mixture,  containing  nearly  %  picrate, 
burns  with  sonorous  crackling  and  with  a  spaed,  near  to  the  burning  rate  of  pure 
gelatin. 

« 

^These  experiments  were  condacted  by  the  student  v,*,  J.  Kozlov. 

_ _ _ 

- - - - - — - -  - - - 


Fig.  10.  Burning  of  a  ndxture  of 
5C'j  TNRL  with  gelatinized  nitro- 
glj'col  under  pressure:  a — 7>  b-~ 

51,  c— 37  at  (positive). 


Fig.  11.  Burning  of  a  mi^ure’  of 
TJIRL  with  gelatinized  nitro- 
glycol  under  pressure:  a — ^37, 

b-~51,  c — 62  at  (negative). 

1)  M  sec. 


Fig.  12,  Dependence  of  burning  rate  of  a  mixture  of  potassium  picrate 
with  gelatinized  digiycoldinitrate  at  atmospheric  pressure  on  ccmvposition . 
1)  Burning  rate,  u  cm/secj  2)  Contents  of  potassium  picrate  in  %  by 
weight . 


Mixtures  witfi  8,V  wid  l9^  picrate  do  not  i^n,- 

;^coTO  capable  of  buriiinK,  and.  the-  sp«^,  of  the  -lAtter- sewral  ^iw^- 
than  pure  diglycpidinitrate .  At  an  .increase-  ‘.of  conteiite,-  of  -picrfte-  inithi; 
miirturo,  the  crackling j  accanpanyihg  the  burning,  is,  IpprtMed  aM  ft, 
changes  into  even  .strong  hissing.  Mdodiiires,  of  pptassipt  plcrfW'Mth^^ 
gelatinized  nitroglycol  behave  analogpualyj  -but.  blurted,  faster  and  at-'an  .increase^ 
of  the  contents  of  picrate  burning  of  them  wae  stopped  laterV^tlmh  the, 
diglvcoldinitrate  mixtures  j  •  •  '.  i 


Fig.  13.  Influence  of  pressure  on  burning  rate.'  (u)  and.'^dt.h  P? 
dar’'  zone  (h)  during  burning  of  a  mixtiiN  of  equal’ qiA 
potassium  picrate  and  gelatinized  nitroglycpl,  +  width-  of 
dark  zone  during  burning  of  mixture,  6  iddth 'Of  dark  ipne- 
during  burning  of  gelatinized  nitroglycol  idthput  ad^tiph-  of 
picrate.  l)  u  cm/sec. j  2)  p  kg/cnr. 


Fig.  14.  Burning  of  a  mixture  'of  potassium  picrate  vdth 
gelatinized  nitroglycol  during  igniting  through  a  layer  of 
gelatinized  nitroglycol,  pressure  31  at  (positive). 


j 


The  dependence  of  the  burning  rate  of  a  mixture  of  equal  quantities  of 
potassium  bicrate  and  gelatinized  nitroglycol  on  pressure  is  presented  in  Fig. 
13.  Upon  igniting  through  a  layer  of  gelatinized  nitroglycol  this  mixture  in 
the  range  of  1 — 75  at  burns  stabt’’  and  evenly.  In  a  wave  of  burning  it  three 
zones  are  noticeable  (Fig.  14),  and  both  the  primary  and  secondary  flames  are 
dimmer,  than  in  the  case  of  mixtures,  containing  lead  salt. 


Fig.  15.  Monuniform  burning  of  a  mixture  of  potassim  picrate  with 
gelatinized  nitroglj^col  during  igniting  directly  by  a  heated  wire, 
pressure  20  at  (positive). 

The  dependence  of  the  width  of  the  dark  zone  on  pressure  is  quite  original  (Fig. 
13):  at  moderatel;'-  increased  pressures  this  zone  is  already  significant, 
than  during  burning  of  pure  gelatin,  and  at  higher  pressures  this  distinction 
disappears . 

In  the  case,  when  the  ndxture  was  ignited  directly  by  wire,  burning  was 
nonuniform,  unstable  and  its  speed  according  to  photographs,  obtained  on  a 
photoregister  (Fig.  15)  was  not  able  to  be  determined. 

I-tixtures  Containing  Lead  Chloride 

An  increase  of  the  burning  rate,  change  of  critical  diameter,  decrease  of 
thickness  of  the  dai*k  zone  and  other  affects,  observed  with  the  addition  to 
nitro  asters  of  lead  azide  and  TML,  would  have  bean  possible  to  add  to  the 
catalvtical  influence  of  the  lead  contained  in  them.  In  order  to  establish  the 
possible  role  of  this  factor,  we  conducted  experiments  on  burning  of  mixtures 
of  gelatinized  nitroglycol  with  chloride  of  bivalent  lead.  It  turned  out  tliat 


an  addition  of  10  and  30^5  PbCl2  almost  doas  not  Hava  an  influandt  on  tha 
burning  rata  of  nitrbglycoi  (Fig.  16)  and^  cbnssquantljr,  adiaawhat  ihcraaaas 
the  mass  speed*  It  is  obvioiwly,  however,  that  this ’.of fact  does  not  cottp^ 
vrith  the  action  of  lead  azide  and  TNRL  on  tha  burning  rata  and,  cbhsaquantly, 
the  role  of  catalysis  in  the  increase  of  tha  burning  rata  of  nitfb  asters  upon 
addition  to  them  of  quick-burning  eoiqjounds  of  lead  is  small.  The  flaiai,  during 
burning  of  mixtures  containing  lead  chloride,  has  a  complicated  pbl^ohal 
structure,  and  in  certain  photographs  it  is  possible  to  distinguish  up  to  five 
zones  (Fig.  17).  The  width  of  the  first  dark  zone  samaii^t  axcaads  the  width  of 
j.t  during  burning  of  gelatinized  nitroglycol  and  all  the  more  so  —  high- 
percentage  mixtures  of  it  with  lead  azide  (see  Fig.  2)  which  also  indicates  the 


distinction  in  mechanisms  of  action  of  these  substances. 


Fig.  16.  Influence  of  pressure  on  burnii^  rate 
of  mixtures  of  gslatinized  nitroglycol  with  lead 
chloride.  1)  Conditional  designations:  Contents 
of  lead  chloride  in  mixtures;  Q-  +  -  lOjCj 

0  -  0%.  a)  u  cin/sQC.j  .  b)  p  kg/cxcT. 


I  cwfnt; 


Fig.  17.  Bm'ning  of  a  mixture  of  30^  Pb0l2  with  gelatinized  nitroglycol 
at  a  pressure  of  -50  at  (negative). 


Discussion  of  Results 


The  main  result  of  the  above  described  experiments  consists  in  revealing 

the  original  influence  of  pressure  on  the  possibility  of  biu:*ning  of  mixtures  of 

♦ 


initiating  axploslyes  with  liquid  nitro  esters.  Unstable  at  atmospheric  or 
moderate!''’  increased  pressure,  the  burning  of  these  mixtures,  as  a  rule,  is 
coii5)letely  stable  at  high  pressures.  This  effect  is  exhibited  for  mixtureo  of 
nitro  esters  both  with  le^  azide,  and  also  vdth  lead  stj'phnate.  The  para¬ 
doxicalness  of  it  is  special!;.’’  graphic  in  those  cases,  when  an  increase  of 
pressure  pre’vents  not  only  attenuation,  but  also  explosion  of  mixtures  (see  for 
example  the  data  for  a  ndjrture  of  gelatinized  nitroglycol  with  Pbll^  in  Fig. 

S,  Article  27,  page  60S  )•  Th*  originality  of  such  an  influence  of  pressure  is 
exhibited  e’ven  in  the  fact  that  a  mixture  of  50:50  lead  azide  with  nitro¬ 
glycerine,  the  capability  of  vMch  for  normal  (undisturbed)  burning  is  much  less 
than  nitroglycol,  burns,  starting  fr<xa  lower  pressures,  than  a  nitroglj’’col 
mixture.  In  the  first  case  burning  starts  with  3  at,  in  the  second  —  only  with 
20  at. 

It  is  coople’bely  obvious  that  to  explain  these  phenomena,  proceeding  from 
usual  presentations  about  the  mechanism  of  disturbance  of  burning  and  its 
transition  into  an  e^qplosion  /~1_7  would  be  difficult.  Indeed, ‘the  usual  pre¬ 
sentations  are  based  on  numerous  facts  of  the  directly  opposite  influence  of 
pressure  on  stability  of  burning  of  explosives  and  logically  explain  them  by  the 
fact  that  upon  increase  of  pressure  the  burning  rate  and  dynamic  increase  of 
pressure  are  increased.  Upon  achievement  of  a  certain  critical  pressure,  the 
heated  gaseous  products  start  to  penetrate  into  the  depth  of  the  charge,  the 
surface  of  burning  is  increased,  its  speed  and  dynamic  increase  of  pressure 
progressively  increase,  burning  becomes  nonuniform,  pulsating  or  changes  into  an 
eaqslosion. 

The  original  influence  of  pressure  on  the  stability  of  burning  of  explosives 

observed  in  our  experiments  can  be,  however,  naturally  explained,  if  we  proceed 

from  the  presentation  /”2_7,  C'iJ  about  the  fact  that  transition  of  biurning  into 

explosion  is  caabined  with  the  coverage  of  the  chendcal  reaction  of  a  lEyer  of 
the  explosive  of  a  certain  critical  thickness.  Ssqplosion  of  this  layer,  mors 
accvirateljs  suspensions  of  explosive  particles,  formed  dui’ing  the  reaction  in  it. 


If  it  Itado  to  forsAtion  of  &  sufficiently  4^  ^  ^ 

explosion  of  the  r^iaaining  part  of  tl»  If  the  if  / 

insufficient,  then  attenuation  occurs,  due  to  disturbance  of  tl»  l^ted  layer,, 
or  at  small  amplitude  of  this  jump  the  bm*ning  acquires  a  plating  character. 
The  appearance  of  an  eij^losion  of  the  suspension  depends  also  .on  the  tini  of 
stay  of  the  initiating  explosive  in  the  heated  state.  If  this  tiaie  is  lees  than 

t 

the  period  of  induction,  then  a  layer  of  the  mtirture  bums  earlier^  than  the 
initiating  explosive  flashes. 

The  fact  that  pressure  is  not  directly  li^jortant,  and  naiaely  the  thickraes 
of  the  heated  and  reacting  layer  and  duration  of  its  eadstence,  is  indicated  by 
the  dependence  of  the  phen<xaenon  on  the  bwning  rate  of  nitro  esters.  MJJrtures 
on  a  base  of  nitroglycerine,  burning  faster  than  nitroglycol,  acquire  the 
abilit:’-  to  burn  stably',  starting  from  smaller  pressures,  slowly  burning  inixtures 
on  a  base  of  diglycoldinitrate,  conversely,  provide  stable  ;burnlng.  only  at 
significantlo'  larger  pressures,  than  nitrogi-col  mixtures.  The  burning  rate  at 
pressures,  starting  frcsn  >»hich  mixtures  of  50:50  on  a  base  of  nitroglycol  ^ 
digli^coldinitrate  burn  stabr^y  (20  in  the  first  axid^^O  at  in  the  second  csm) 
are  approximately  equal  and  constitute  nearly  1  ci^sec. 

It  is  easy  to  e:q)]jain  also  frcm  this  point  of  view  the  ccapletely  unusual 
phenanenon,  observed  upon  addition  of  the  least  capable  of  burning  initiating 

4  ^  ' 

explosive  —  lead  aaide  to  one  of  the  most  easily  exploded  and  difficulty 
burning  secondary  explosives  —  nongelatinised  nitroglycerine.  In  that  region 
of  pressures,  in  which  nitroglycerine  due  to  turbulence  of  the  liquid  surface 
does  not  burn,  and  azide,  as  is  peculiar  to  it,  detonates,  'and  a  mixture  of 
equal  quantities  of  these  substances  is  capable  of  stable  burning.  Above  it 
was  already  noted  that  at  those  increased  pressures,  with  idiich  nitroglycerins 
again  starts  to  burn,  but  even  in  turbulent  coiKiitions,  i.e.  with  gr^at  speed, 
the  addition  to  it  of  lead  azide,  obviously  hSEspering  turbulence,  almrply 


(apparoxlaBat^ly  t>dce)  lowirs  the  burning  rate.  'Hie  latter  is  observed  also  It 

during  burning  of  liquid  nitrogiycol  with  lead  azide  at  pressures  higher  than  ! 

20  at,  L 

f 

If  upon  igniting,  a  thicker  layer  of  mixture  is  heated,  the  probability  of  p 
the  appearance  of  an  explosion  in  it,  obviously,  increases.  This  case  is  ,t 

illustrated  by  experiments  with  a  30^  mixture  of  lead  azide  with  nitroglycol  b 

upon  igniting  with  incandesced  current  through  a  wire  (Fig.  8  Article  27,  page 
606).  In  that  case,  if  the  ability  of  the  system  to  e^rolode  is  less  significant,  a 

than  mixtures  with  lead  azide,  igniting  by  wire  can  lead  not  to  explosion,  but  n 

to  nonuniform  disturbed  burning  in  those  conditions,  in  vdiich  upon  "softer"  t 

igniting  the  system  burns  evenly  and  smoothly.  Thus  behaves,  for  example,  a  o 

mixture  with  .potassium  picrate  (cf.  Fig,  14  and  15).  ( 

A  thermal  explosion,  leading  to  attenuation  of  a  mixture,  certainly  should  t 

not  envelope  the  >*ole  heated  layer.  It  was  noted  above  that  burning  of  the  e 

investigated  mixtures  at  atmospheric  pressure  is  accompanied  by  frequent  1 

crackling  —  obviously  micro-flashes  of  particles  of  a  quick-burning  explosive 
or  their  aggregates.  These  micro-flashes,  mixing  the  heated  layer  and  la 

reinforcing  the  heat  supply,  mix  the  distribution  of  burning  and  at  a  sufficient  ,b 

i 

contents  in  the  mixture  of  a  quick-burning  substance  lead  to  attenuation.  In  'f 

I 

that  case,  if  a  quick-burning  explosive  is  capable  of  independent  burning,  at  a  t 

significant  contents  of  it  in  the  mixture,  the  latter  can  begin  to  burn  again,  !b 

but  already  in  conditions,  peculiar  to  a  pure  quick-burning  substance  (at  small  im 
contents  of  a  quick-burning  explosive,  this,  obviously,  agitates  the  nitro  esters,  p 
in  particular  by  the  fact  that  it  absorbs  heat  in  its  own  evaporation).  Precisely  b 
in  this  aanner,  mixtures  with  potassium  picrate  behave  and  a  mixture  with  d 

nitroglycol  dies  out  with  a  larger  content  of  picrate,  than  with  slowly  p 

burning  diglycoldinitrate .  The  picture,  apparently,  similar  to  that  described  (» 
above,  was  observed  by  A.  5;.  Belyayev  for  mixtures  of  lead  styphnat©  with 


itrinitrotriaside:  benzene. 

I  The  obtained  data  allow  aleo  to  estinate  the  burning  oiC  leiul  ffiside 
*with  larger  apprcadmation,  than  this  it  was  possible  to  do  on  thi  basis  of 
preceeding  works.  Substituting  into  the  equation  ••  0.(^5  p  (g/ca^sec) 

the  value  la  ®=  4.71  g/c®^  (specific  gravity  of  lead  a*-aside);  we  will  obtain  a 
burning  rate  of  pure  lead  azide  at  atmospheric  pressure  equal  to;e«rf.3  »5  an/sec. 

Let  us  remember  that  according  to  Belyayev  E^3  burning  rate  of  lead 
aside  is  at  least  an  order  larger  and  constitutes  5-OT!-ip6  as/sec.  One  should 
note,  hovfever  that  this  magnitude  is  obtained  extrapolation  on  pure  auside  of 
the  burning  rates  of  mixtures  of  it  with  mercury  fulminate  at  the  temperattu^ 
of  liquid  nitrogen.  The  contents  of  aside  in  the  mixture  did  not  exceed  15^ 

(with  this  concentration,  burning  changed  into  detonation).  It  is  obvious  that 
the  reliability  of  the  magnitude,  obtained  so  fax*  by  extrapolation,  with  such 
exotic  fuel  as  mercury  fulminate,  the  same  as  in  a  con^letely  unknown  area  of 
low  temperatures  is  very  small. 

Apparently,  the  speed,  with  vdiich  lead  aside  would  btarn,  if  it  could  burn 
at  atmospheric  pressure,  is  significantly  lower.  This  is  indicated,  in  addition, 
iby  the  results  of  experiments  on  burning  of  mixtures  of  lead  aside  with  mercury 
; fulminate  and  with  lead  styphnato,  conducted  ty  B,  S.  Svetlov  in  1952,  During 

t 

;the  study  of  bmrdng  of  these  mixtures  (with  addition  of  Maall  quantities  of 

i 

^bitumen)  in  a  manoi^tric  cylinder  it  was  shown  that  the  introduction  into  a 
!inixture  of  azide  very  greatly  decreases  the  burning  rate  of  styphnate  ar^ 

>  practically  does  not  change  this  burning  rate  of  mercury  Iblminate.  On  this 
7  basis  it  is  natural  to  assume  that  the  burning  rate  of  lead  aside  is  little 
distinguished  frcaa  the  burning  rate  of  mercury  fulminate  (at  atmospheric 
pressure '^1.5  cm/sec  £‘lJ)Bxvi  is  significantly  less  than  lead  styphnate 
(•^30  cm/sec)  ■> 


If  this  MSUBiptidn  Is  corrsct,  thsn  an  sxpXanaticn  of  the  absence  in  lead 
aside  of  the  ability  of  stable  burning  with  a  phenonenally  great  burning  rate  of 
this  substance,  obviously,  is  erroneous.  Apparently,  the  considerations,  iddch 
are  concluded  in  the  fact  that  an  esqplosion  of  lead  azide  ^on  ignition  is 
stipulateid  by  intense  dispersion  and  explosion-like  ccajbustion  of  a  layer  of  the 
for#d  suspension  and  are  more  well-grounded  and  better  reflect  the 

eeeence  of  the  phenonenon. 

The  author  is  deeply  thankfiil  to  profeeeor  K.  K.  Andreyev  for  his  help  in 
carrying  out  this  work  and  the  explanation  of  its  results. 
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A*  I.  GoI*binl«r 

30»  CTt»in  RjgulayitieB  of  Bunalag  of  Yolatilo  IjalticcMPocact  Bnax>«lY» 
itaocM 
! - 

In  th«  burning  of  certidn  liquid  explosivo  sixturM  (2aiVS)  dctoctM  uniq[a« 
3h«ng«s  in  the  speed  and  character  of  burning  vith  its  propagation.  In  ease  of 
volatile  explosiresy  which  include  the  studied  29iVS,  the  aechanian  of  phenoMndn 
jcalled  fractional  burnout^  consists  briefly  in  the  following. 

In  the  process  of  burning  j,  as  is  kncwn  the  initial  stage  can  be  evapora- 

L  and/ 

Ibion  of  the  explosive/  chesdcal  reactions^  and^  correspondingly^  heat  libemtiOR^ 
isiU  proceed  Minlji  if  not  exclusively,  in  the  gas  phas S  in  vapor.  For  such  sub" 
jstaaces  the  thezvokinetic  characteristics  of  the  leading  reaction  of  burning,  and 
jconaequintly,  also  the  rate  and  character  of  the  latter,  are  detemined  not>  by  the 
IccHpoeition  of  the  condensed  explosive  but  by  the  cooposition  of  the  vapor  over  it. 
IDuring  burning  of  individual  explosives  the  composition  of  the  vapor  coincides  with 
jthat  of  the  condsnsed  phase  and  in  any  case,  remains  constant  diiring  buxning  in 
{constant  conditions.  On  the  other  hand,  when  the  explosive  is  a  mixture  of  several 
jv'Oiponents,  whose  vapor  tension  at  an  identical  temperature  are  considerably  differ- 
lent,  the  composition  of  the  vapor  can  sore  or  less  significantly  be  dist^oguishsd 
Ifrom  the  composition  of  the  liq^  and  can  changs  by  the  measure  of  its  evaporation 
f (burnout).  .  The  change  of  compositicn  of  the  vapor  will  lead  bo  a  change  jja  l^e 
bpted  and  character  of  burning.  In  definite  conditions  the  competitions  of  the 
Iheated  surface  layer  and  the  remaining  liq^  can  be  levelled  sufficimatly  fast. 

I  In  such  cases  we  observe  a  more  or  less  continuous  change  in  the  ccmix^itlm  of  the 
mixture  and,  correspondingly,  t|ie  characteristics  of  its  bimdng  hy  the  measure  of 


4 


tiki  iiwiyftgiltlwi  ot  thi  Ifttttr.  In  othtr  C9»m,  vbm  coodltiob*  for  iqiiAlitisi  of 
eoccintritioai  9tf  imf Airor«bIi,  th«  eerrMpaodlac  ohiRfiM  In  th*  co^pofitioni  of 
thi  li^idid  «nd  ^por  itetK,  and  eoooiqiMnt]^  th«  burainf  rmti,  will  oecnr  onljr  in 
thi  prociM  of  bomoist  of  *  eoaspiratiTeljr  thin  hoatid  lasr«r*  Xn  tneh  conditions  eontcQ 

t 

frictioosl  bimoat  can  Isad  to  psriodic  oiukngss  of  chszmettristies  of  bomini;  <-•  with  g 


pnlsstions  of  different  frsqucnejr  and  awplittidi* 


XspiriMistal  Bart 

Xn  a  largi  part  af  ths  aiqpirijMata  discribad  bilow  2aiYS  wm  bomad  in  air  at 
ataoepharic  praasura  and  rooai  tanparature  in  glass  pipas  with  intamal  disMtars 
about  0«5  cai«  Ignition  waa  produead  bjr  a  wira  spiral,  incaadaaead  b^r  currant. 


Mlxturaa  With  TatraidtroMthana 


in  tha 
tha  m 
ragiaa 
ing  in 
Inposs 
ara  pr 


In  thaaa  conditions  a  atoichioKatric  mixtura  of  bansana  and  tatranitrciMthanlara  dr 


of  the 
tion  t. 


(contant  of  bansana  13.7^  by  waight)  at  first  bums  at  a  rvey  low  rata  about 
O.OI  ei/aac.  Tha  aurfaca  of  tha  burning  liquid  rakialna  during  this  tins  cottplatad 
avin,  tha  fXiwa  front  adjoining  it  glawta  axtraoxdiiuirilj  waakly  and  abova  tha  cui 
of  tha  pipa  a  aaenndarj  flana  is  obsarvad.  Balov  wa  win  call  auch  a  ragiaa 
with  a  mmH  spaad. 

Bgr  tha  wasaura  of  coubuation  tha  burning  rata  grows  at  first  slowS^  and  than 
fastar.  Orii^Ln^  height  of  tha  coluan  of  ZhVS  in  pipa  cenatitutad  in  cur  aiqpari-* 

i? — 10  cffl» ' 

aumts/  After  40 — U5%  original  qnantit7  of  Mixture  is  bumad,  tha  burning  r  tha  in 

is  lucraasad  coapiirMtivaly  quickijr  (on  tha  3 — 5  sm  aactlcn)  Z-^3  timaa  and  wil.'^ 
attain  0.05"4).06  cs/aac.  With  this  apaad  the  character  of  burning  claarljr  ohing* 
a  bri^t  fla»a  appears  abova  the  naniscus  of  tba  in  tha  am'faca  luTar  of  thi 
burning  liquid  saj^ation  of  nu^u’ous  ssrsII  bubbles  is  observed,  tha  sacondarj 
flK^  disappeam.  In  such  a  ragiss,  called  in  th®  futt^  imaming  with  great  spaa: 

^  go^  to  ccaaplatitm. 


STOP 


of  %  mtmjf  of  the  incrMse  in  the  cant«fit  of  oxidiser  in  the  xixbm^  of 
;ioni  of  ketrenitroMethane  and  benfane  the  Mean  vaiue  of  wAll  apeed^  ia  increaaed,  tut  the 
r  GtHj  in  laRcth  of  the  aection  on  tihich  thia  regiM  of  turning  acdata  ia  reduced.  Mith  a 
iditiona  conteot  tetranitroMthane  in  the  aixtnre  of  909^  wei^t  and  nore,  burning  proceeda 


ning  with  great  apeed  froi  the  asment  of  ignition. 

Bgr  the  aeaaure  cf  the  increaae  in  the  content  of  bensene  in  the  original  aisdiure^ 
in  the  area  negative  casygm  balance.  A  decreaae  la  bbaerved  in  the  aean  v^e  of 
the  snail  apeed  and  the  length  of  the  section  on  which  burning  proceeds  in  this 

n  air  at 

regine  increaaea^  Finally,  at  a  content  of  benaesie  of  acre  than  20^  1;^  wei^t;^  bum- 

anetere  > 

ing  in  the  given  conditions  of  experinenta  (diaoeter  of  pipe,  tenperature)  beconea 

Tent. 

impoaaible.  Baaulta  of  eatperiaients  with  adjcturea  of  various  original  compoaition 
are  pmaented  in  Fig.  1,  where  beeidea  values  of  anall  and  great  burning  rates  there 
>r<akethani  am  drawn  also  the  equilibrium  ctirvea  of  the  beginning  of  boiling  and  condensation 
•  about  of  the  ZhVS,  calculated  by  the  vapor  tension  of  the  pure  components  on  the  asaump- 
eo^pleta  tion  that  the  mixture  ia  ideal*  Besides,  on  graph  are  drawn  also  experiisental  points 
'e  the  ctt  ‘'begiarilng  of  boiling”  . 

iae  l»im:  We  noted  above  that  once  the  regime  of  great  speed  is  established,  burning  with 

this  regime  method  goes  to  the  end*  The  burning  rate,  however,  does  not  remain 
and  then  constant,  but  decreases  very  slowly.  A  gradual,  decrease  in  the  great  speed  is  bb»- 
■  eexperi-*  served  both  during  the  burning  of  mixtures  of  an  original  composition  with  idiich  m 
uming  Ti  the  initial  section  the  process  goes  at  small  speed,  and  with  mixtures  with  a  positive 


ooq^gen  balance,  idiere  there  is  no  such  section.  During  the  burning  of  a  layer  of 

1.  Here  ani  in  the  majority  of  subsequent  saqxsriments  burning  rate  is  determined 
i.,  as  the  ratio  of  the  length  of  a  certain  aection  of  the  liquid  column  (usually  no 

less  than  1  cm)  to  the  tini®  of  its  cesdjustion,  measured  by  a  etop  watch. 

2.  In  connection  with  evid^t  difficulties  cf  oqulUbriiipa  analysis  of  «li<pSd»« 

vapor”  for  highly  s<®®itiv®  Zh?S,  we  ^r«  limited  by  detemination  of  thv  tempera¬ 
ture®  of  begisning  of  boiling  by  the  method  of  M.  H.  Sivol^ov  'C<xitr^  mb- 

perimmits  with  well-studied  ncaissploaive  binary  eystm^i  showed  that  the  det®2i^imti«a 
by  such  a  meUiod  of  the  tmp^rsture  of  beginning  of  boiHag  giv^  a  r^ult  3—7^ 
higher  than  ©qailibriim  tcmi^atures.  .  . 


2hVS  with  an  initial  height  of  6.5  cm;  measured  the  bum-up  time  three  aections 
2cm  in  length.  For  &  mixture  of  10^  benzene  and  90^  tetranitrooethuie  the  average 


speed  of  burning  on  the  upper  section  of  the  measurement  constituted  0*06  cm/»%c, 
section/ 

and  on  the  lower/  — ’  0.05  cm/sec.  For  a  mixture  containing  7%  by  weight  benzene 


in  analogous  conditions  the  corresTxandinK  .speeds  were  0.050  and  0.035  cm/sec. 


Dotted  line  marks 

stoiohicaaetric 

composition. 


1^: 


"fSBTe) 


Fig.  1.  Dependence  of  average  speed  of  buniing  of  a  mixture  tetranitro 
methane  and  benzene  on  composition. 


1 — average  speed  of  propagation  of  flame  on  section  of  burning  with 
small  speed;  2 — average  speed  of  propagation  of  flame  on  section 
of  burning  with  great  speed;  3  and  4 — equilibrium  curves  of  conden¬ 
sation  and  boiling  points,  a)  Temperature,  ®C;  b)  BumlM  rate, 
cm/sec;  c)  Composition  of  ZhVS,  %  weight;  d)  benzene;  ej  Totra- 
nitromethane;  fj  experimental  points  of  beginning  of  boiling. 
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With  a  growth  in  initial  pressure  the  burning  rate  of  the  considered  ZhVS, 
as  for  other  volatile  explosives,  increases.  With  this  the  changes  in  the  speed 
and  character  of  burning  with  burnout  weaken  and,  starting  from  a  pressure  of  aboujir 
1.5  kg/ca^n  become  inappreciable;  the  front  of  burning  is  spread  with  visible 

t 

uniformity  along  the  entire  Imigth  of  the  pipe^. 

Ch.£nge8  in  the  speed  and  character  of  burning  ^fith  the  measure  of  burnout, 
more  or  less  similar  to  those  described  above,  were  observwi  during  the  burning  oi 
cert&in  other  binary  ZhVS  of  tetranitr 'methane  with  liquid  fuels,  for  «xtffiple|  wit 


1.  With  an  incre^e  of  initial  pressure  higher  titan  2  kg/ca^,  burning  changes- W- 
a  turbulent  regime,  aM  with  still  higher  pressure  transition  of  burning  to  detoni 


tion  is  observed.  'Kiese  phencmmm  we  will  not  hersu 
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CIS  Mthanoli  ethanol  ethyl  nitrate^  diethyl  eeter^  toluene^  etc. '  Frde  the  of 

i^e  studied  ZhVS,  we  will  list  data  for  a  sdxture  with  ethyi-xiitrate;  where  these  changes 

most/ 

,  are  sharpest  and/uxdi^ie.  If  we  detexoine  the  dependence  "average  sp^  of  burning 
me  •»-  composition  of  ZhVS",  then,  for  mixtures  of  tetranitromethane  with  ethyl-nitrate 
lit  is  possible  to  note  in  a  definite  interval  of  concentraticns  a  sharp  naxianaa  of 
ispeed.  Mean  speeds^  calculated  by  the  time  of  coaibusticai  of  a  layer  of  nixtuz^ 
about  5  cm  in  hei^t^  are  presented  in  Fig.  2.  In  the  interval  of  nitrate  cot^en- 
trations  from  23  to  35^  the  burning  rate  sharply  increases;  almost  imedlately  after 
ignition,  burning  changes  to  a  ttirbulent  regime,  and  in  two  caees  (marked  in  Fig*  2 
by  arrows)  explosion  was  triggered.  During  fast  burning,  phenomena  of  fractional 
burnout  are  absent.  Burning  of  mixtures  whose  initial  composition  lies  outside  the 
(indicated  interval  of  concentrations  proceeds  with  a  speed  which  variee  strongly 
during  propagation.  A  series  of  mixtures  of  tetranitromethane  and  ethyl  nitra.te 
of  different  initial  composition  were  burned  in  pipes  6—3  cm  in  length  and  bum- 
up  time  was  measured  on  different  sectiixus  of  layer  of  liquid. 

The  results  of  the  experiments  presented  in  Fig.  3*  The  burning  rate,  calcu¬ 


lated  by  the  time  of  combustion  of  definite  secti<»i6  along  the  length  of  charge, 
was  carried  during  construction  of  graph  to  the  middle  parts  of  the  corresponding 
sections.  Each  of  the  curves  in  Fig.  3  was  constructed  from  2  — .4  parallel  ex^ 
periments.  From  the  graph  of  Fig.  3  it  is  clear  that  burning  of  ndxtxiree  contain- 
cu  ing  a  significant  (vs.  stoichiometric)  si^plus  of  fuel  i»  accelerated  during  the 
propagation  of  the  process.  On  the  other  hand,  the  burning  rate  of  mixtures  with 
a  large  surplus  of  ooddizer  decreases  with  combustiaQ,  is  sometimes  so  sig^iificant- 
ly  that  burning  dies  out. 

During  the  biiming  of  many  mixtures  of  tetranltrcaetbane  with  liquid  organic 

fuels,  no  systematic  changes  in  the  speed  of  propagation  of  the  flame  were  ob- 

^  aerv®i  and  burning  proceeded  with  clear  (during  visual  observaticm)  uniformity, 
u 

Such  ZhVS  include,  for  example,  solutions  in  tetranit^athane  of  octiaiol,  nitro- 


I 


b«uiin«^  digl^oUijdtratej  aononitrobansend,  mtmo-  and  dinitrotoluena^  etc. 


Fig.  2.  Dependence  m  conpoeition  of 
average  ape^  of  burning  of  a  mixture 
of  ethyl-nitrate  and  tetranitrcmethane 

a)  Average  apead  of  burning  in 

b)  Coupoaition  of  ZhVS  in  vt 


Fig.  3.  Change  of  burning  rate  with 
burnout  of  xdxturea  of  ethyl-nitrate 
and  tetranitroaethane  of  varioua  ini¬ 
tial  compoaitiona.  (Numbers  by  curves 
— contents  of  ethyiUnitrate  in  original 
mixture  in  wt  %)* 


ibe 

onl 

oua 


Thu 


met 

tet 

poe 

aer 


sev 

the 


a)  Burning  rate  in  cm/aecj  b)  relative 
length  of  binning  layer  of  ZhVS  in 

Without  listing  all  the  experimental  data  on  each  of  the  studied  ZhVS,  we  will 
enumerate  belcar  only  the  main  general  regularities  detected  in  the  courae  of  the 
investigation t 

1.  In  mixtures  idiich  vapor  tension  and  composition  deviate  considerably^ 


gra 

for 

ous 

and 


from  the  corresponding  parameters  of  ideal  ayatems,  —  we  did  not  observe  phenomena 

equilibrium/ 

of  fractional  burnout,  as  a  rule.  Liquid  —  vapoj/ for  ZhVS  of  tetranitromethane 
with  organic  fuels  ,  so  far  as  we  knew,  has  not  been  studied.  In  connection  with 
this,  there  are  not  sufficiently  reliable  data  the  nature  and  character  of  de- 
flecticns  from  the  ideal  for  various  mixtures.  In  certain  cases — for  example,  a 
mixture  tetranitromethane  with  furfurole  —  a  chemical  compound  win  be  formed; 


1.  As  the  index  ax«l  standard  of  such  deflection  is  we  took  the  difference  between 
temperature  of  beginning  of  boiling  determined  experimentally  (see  footnote  2  m 
page  047 and  that  found  by  calculations  carried  out  by  the  laws  of  ideal  mixtures. 


met 
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in  othsrs,  th«  foxnation  of  aseotropM  ia  poatiblo* 

2.  '3%«  ^maamm  of  functional  burnout  of  aueh  charMtar  at  waa  dMcxlM 
above,  for  idxburee  of  benaene  or  eth|l  nitrate  idth  tetranitrcnet^ane  were  obee^ed 
only  in  ^tens,  where'  the  conponent  posaeeeing  large  vapor  preeeure  had  eiiealtane- 
Guely  a  density  conelderi^ly  saaller  than  that  of  the  second  coapan«it  of  the  ^VS. 
Thus  the  burning  rate  changed  with  propagation  of  the  process  for  Bixtures  idth 
Beth«n<iL  and  ethanol,  iddch  have  larger  vapor  preesuree  and  aaaller  densities  than 
tetzanitronethane,  but  for  the  system  octanol~tctranitrcsMthane,  where  the  ooddiaer, 
possessing  high  density,  is  a  more  volatile  component,  such  changes  were  not  ob¬ 
served. 

3.  If  we  compare  the  properties  of  binary  ZhVS  of  tetranitrooudhane  with 
several  fuels  near  each  other  in  chemical  nature,  for  eocample,  with  homologues, 
th«i  it  is  possible  to  see  that  fractional  buznout  is  observed  the  more  clearly,  the 
greater  is  the  difference  in  the  vapor  tension  and  density  of  the  components  of  the 
mixture.  Thus  the  change  in  burning  rate  with  its  propagation  is  very  significant 
for  ZhVS  with  bensene  and  almost  inappreciable  for  mixtiu^  with  toluene;  analog¬ 
ous  relationships  can  be  noted  for  the  series  methanol — ethanol — propanol— butanol 
and  others. 

Mixtures  Idth  Nitric  Acid  and  Nitrogen  Tetroxide 

Fractional  burnout  is  characteristic  for  many  ZhVS  not  only  with  tetranitro- 
methane,  but  also  with  other  volatile  oxidisere.  L«t  us  considex>  for  example,-  data 
received  for  mixtures  of  nitrogen  tetroxide  and  nitrobenzene.  At  atmoepheric  pres¬ 
sure  and  room  temperature  in  pipes  about  1  cm  in  diameter,  mixture  of  the  indicated 
components  with  a  zero  (ccmtent  of  nitrogen  tetroodde  71.8  more  so, 

a  positive  oxygen  balance  —  cannot  bum.  Mixture  with  a  significant  (vs.  stoichi¬ 
ometry)  surplus  of  fuel  (content  of  nitrobenzene  st  Jli  and  more)  Imn  in  the  given 

conditions,  i^iming  is  propagated  at  a  leer,  gssdually  reduced  speed  (in  the  initial 

•  « 

section  about  0.01  cVsec)  ax^'^dies  out  after  th@  bum^t  of  a  certain  fraction  of 


th«  aixtur*;  thi«  fraction  is  scnsi^t  incroassd  with  a  growth  in  the  content  of 
the/ 

nitrobenscne  in/origiiutl  atxturo. 

Siailar  phenomna  were  observed  during  the  burning  of  ZhVS  based  on  concm- 
trated  nitxlc  acid.  A  alxture  of  this  coddiser  with  nonooitrobensene  at 

atffloepheric  pressure  is  capable  of  burning  only  in  a  definite  Interval  of  cosiposi- 
tiocw.  hath  this,  .after  burnout  of  a  certain  part  of  the  mixture,  the  burning  xmte 
is  decreased  so  »ich  that  further  propagation  of  the  process  in  pipes  of  snail 
dianeter  becosies  impossible.  The  average  speed  of  burning  and  the  length  of  the 
burning  layer  of  ZhVS  grow  with  an  increase  in  the  content  of  fuel.  Ihe  results  of 
certain  eoqserijMnts  conducted  in  glass  pipes  9  ^  in  diameter  at  a  temperature  of 
50^  are  presented  in  the  table.  At  increased  temperatures  the  burning  rate  of  the 
given  ZhVS,  as  well  as  of  other  explosives,  is  increased  and  sioultaneously,  the 
relative  length  of  the  layer  of  ZhVS  burning  to  attetTuation  grows  with  an  increase 
in  teaperature. 


Table 


I  acid 
|bumo 

t 

I  tween 
ioxyge 

i 

rate 
iMaxiiB 
mixtu 
incre 
of  th 
diagrj 
dichl 
pressi 
;  that  i 
I  thick 


length  of  Layer  of  ZhVS  of  Concentrated  Nitric 
Acid  and  Hononitrobenzene  Burning  at  Atmosphezdc 

Pressure 


I  promoi 
posit: 


(Initial  Height  of  Layer  60  m.  Initial  Tempera¬ 
ture  Internal  Qiameter  of  Pipe  9  isc) 


still 
8ub3e( 
bustil 
It  apj 
ble  oJ 
5  mm  I 
ficatj 


1)  Cmtent  of  fuel  in  mixture,  vd  %i  2}  Lesigth  of  burning  layer 
in  mmj  3)  Maximum;  4)  Average  of  3  —  5  experiments;  5)  Notes; 
6)  Compositicn  of  zero  oxygen  balance. 


ethane 
!  is  al£ 

i 

!ed  caj 
bumir 


A  vignifieaat  znaiibiK*  of  »ptidiMKtt»  M«r«  e«xTi«i  out  idth  niadburM  of  idt^c 
I  acid  and  dlchlorathane.  Hare  also  in  aangr  caaaa  m  oMj^ad  attanuatiw  after 

i 

I 

burnout  of  part  of  the  sdjcture,  and  besidee  idth  a  change  in  the  relatiddai^p  be^ 

I  tween  coaponente  it  i«  possible  to  note  the  foHowing:  adjiuree  idth  ni^iative 

i  oaorgen  balance  bum  at  a  very  aaall  speed  and  die  out  qipiddy.  The  initial  burning 

! 

rate  and  length  of  burning  of  a  layer  of  ZhVS  increase  with  the  increase  in  occidiBer. 
:  Kasdna  of  the  burning  rate  and  the  length  of  the  burning  layer  are  obse^ed  for 
mixtures  with  an  apiHraadmately  double  surplus  of  acid  vs.  stoiehicMstry:  a  fuller 
increase  in  its  content  leads  to  lowering  of  the  initial  burning  rate  and  reduction 
of  the  length  of  burning  the  layer.  In  Fig.  4  on  the  sections  of  the  triangular 
diagram  the  results  are  shown  of  experiamts  on  the  burning  of  trinary  mixtiu^c  of 
dichlorethane — ^nitric  acid»water  in  glass  pipes  5-~7  vm.  in  diameter  at  atmospheric 
pressure  and  a  temperature  of  40®.  In  these  e:)qpeziJunt8  we  conditionally  cohsidSred 


that  the  mixture  is  incapable  of  burning  if  the  latter  dies  out  before/layer  5  mm 

that/ 

I  thick  will  bum.  From  the  graph  it  is  clear/tbe  regim  thus  defined  of  compositions 
;  promoting  burning,  is  loc&ted  as^xsmetrically  relative  to  the  line  connecting  cos^ 
positicna  of  zero  oxygen  balance.  Mixbxires  containing  a  great  surplus  of  ooddiser 
still  promote  btimiog  wioh  significant  dilution  by  an  inert  component  (water):.  In 
subsequmt  experiments  we  added  to  ZhVS,  which  by  cQmpositi(»x  lay  on  limit  of  com¬ 
bustibility  for  given  coixiitions,  different  quantitie?  of  oleum  (about  20^  free  SO3). 
It  appeared  that  further  dilution  of  liquid  by  inert  substance  makes  it  anew  capa¬ 
ble  of  burning.  In  esqjeriments  with  mixtiuces  containing  oleum,  a  layer  of  more  than 
5  mm  burned  for  all  studied  compositions  up  to  that  content  of  oleum  at  vdiich  strati¬ 
fication  of  the  mixture  starts.  The  tentative  boundary  of  the  regicai  >dicre  dichlor¬ 
ethane,  nitric  acM,  water,  and  sulfuiric  acid  still  will  fom  single-phase  systems 
I  is  also  shown  in  pig.  4;  all  the  tested  mixtures,  being  insMs  this  r^on,  appear^ 

Ied  capable  of  buiming.  In  experimimts  with  mixtures  containing  additions  of  oleum, 
burning  never  was  projagated  td  the  end  of  the  pipe,  j^or®  atteausticm  we  ob- 


served  turbidity  of  the  remainder  of  liquid,  caused  by  the  beginning  of  stratifica- 
_tl(»i  into  tvo  liquid  ^ases. 


( 


\ 

I 


Fig,  Section  of  triangular  diagram  for  mixtxires  dichlorethane— 
rdtric  acid— water. 


0 — ^buming  propagated  along  a  pipe  more  than  0.5  cm}  X — ^the  same,  for 
mixtures  with  additions  of  oleum;  • — ^burning  died  out  on  a  section  less 
than  0.5  cm  in  length;  1 — ^boundary  of  combustibility  for  trlnary  mixtures; 
2— boundary,  of  regicsi  of  stratification  of  mixtures  with  additions  of 
oleum;  3 — line  of  stoichiometric  ccmpositions. 


The  change  in  the  burning  rate  with  burnout  in  a  stoichiometric  mixtxure  of 
dichlorethane  —  nitric  acid  (97.3^  HNO^)  can  be  seen  by  the  results  of  experiments 
shown  in  Fig.  5.  In  those  experiments,  just  as  in  those  shown  in  Fig.  3,  we  measur¬ 
ed  buTOup  time  of  separate  sections  0.5  cm  in  height  along  the  length  of  the  pipe, 
calculated  the  average  speed  of  burning  on  a  givmi  secticsi,  and  for  cmstniction  of 
graph  carried  this  ©peed  to  the  middle  of  the  correspoEKling  sectim. 


Oq«  should  Mptcially  imderline  that  fraetLonal  burnout^  obtt0rr«i  In  certain 

of  the  studied  ZtiVS,  occurred  only  at  cooparativ^  slcar  bumizig  and  at  loir  ptressure. 

li^th  a  groath  in  the  Ju^essure  under  uhich  the  burning  proceeds,  the  changes  in  the 

speed  of  the  latter  hy  the  measure  of  burnout  of  the  ZhVS  beeoM  all  the  weaker,  and, 

«$tarting  from  a  certain  pressure,  are  observed  no  more.  For  various  Zh¥S  this 

pressure  is  differact;  in  experiments  with  cospositions  near  to  stolehionetric,  it 

constituted  about  1.5  kg/ca^  for  a  adxture  tetranitroB&ethane  and  benxme,  about  5 
2 

kg/cm  for  a  mixture  of  nitidc  acid  and  dichlorethane,  and  more  tlwai  10  kg/oK^  for 
a  mixture  of  nitric  acid  and  nitrobanaane. 


Fig.  5.  Change  in  the  burning  rate  in  the  course  of  fctomout 

of  mixture  of  dichlorethane  and  nitric  acid  at  sarioue  temperaturea. 

a)  Burning  rate  in  cm/^sec;  b)  Relative  length  of  burning  layer  of 
ZhVS  in  %. 
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Soluti«i8  of  Polymer  in  Liquid  Explosives 

The  phenoonHicsi  of  fracticml  burnout  was  observed  not  only  for  ZhVS  of  the 
type  fuel — oxidizer.  In  work  carried  out.  jointly  with  V.  V.  Groryachev  /”4j7,  is 
described  the  change  in  the  speed  and  character  of  burning  by  the  measure  of  its 
propagation  for  liquid  explosives  slightly  thickened  by  the  dissolution  of  high- 
molecular  compounds  (polymethylmethaciylabe). 

In  the  case  of  slowly  burning  etiylnitirate  these  changes  are  of  the  same 
character  as  for  certain  of  the  ZhVS  described  above:  burning  rate  of  the  thicken¬ 
ed  nitro  ester  is  decreased  during  propagation  of  the  process  up  to  a  limit,  at 
vdiich  burning  in  pipes  of  given  diameter  becomes  impossible,  owing  to  thermal 
losses* 

In  the  case  of  quick-biuning  ffiethy],^^'^^®-^®)'  dissolution  the  smallest 
quantities  of  polymer  abruptly  changes  the  charaicter  of  burning — it  beccmes  pulsat¬ 
ing,  with  short  periods  of  relatively  slow  propagation  alternated  with  more  or  less 
intaise  flashes,  A  noticeable  fraction  of  the  e^qjlosive  bums  quickly,  precisely 
as  a  result  of  such  flashes;  this  leads  to  a  decrease  in  the  general  time  of  com- 
bustion/a  column  of  the  explosive  of  a  given  height,  i.  e,,  as  if  to  growth  in  the 
burning  rate.  With  an  increase  in  the  content  of  polymer  in  the  solution,  the 
frequency  tuki  intensity  of  pi\lsations  increase.  As  was  shown  by  high-speed  film¬ 
ing,  the  burning  of  slightly  thickened  mathyl^nitrate  consists  of  a  series  of  approxi 
mately  identical  cycles.  At  the  beginning  every  cycle  the  surface  of  the  bimiing 
liquid  sinks  slowly,  remaining  all  the  time  level;  the  burning  rate  on  this  section 
is  less  than  for  unthickened  methy!0iitrate(about  0.00  cm/s®^  at  a  polymer  content 
of  0,1  wt.  %  and  about  0.05  cs\/sec  at  an  addition  in  a  quantity  of  0.25^;  xmthick- 
en®i  liquid  —  0,12  cm/sec}.  Later  bubbles  appear*  in  the  surface  layer  of  the 
liquid;  a  l^er  of  foam  will  be  formed,  greasing  in  thickness  and,  at  last,  there 
occurs  sharp  ejection  of  the  ^surface  layer  into  the  zone  of  flam®  mi  its  quick 


in  the  fom  of  a  of  separata  drope*  After  ccnibustiGn  of  the 

suap^iaiGn  the  cycle  is  rented;  the  described  pulsations  nice  other  laanifestations 
of  fracticMoal  bumoit^  are  suppressed  with  the  growth  of  initial  pressure. 

Biscusaion  of  Results 

The  study  of  the  burning  of  mixturea  especially  graphically  showed  that  it  is 
the  ccmpositicK:^  of  the  vapor  ajid  not  of  the  actual  liquid  idiich  detezednes  po8si» 
bility  of  burning  in  the  given  ccxvlitions,  speedy  and  other  characteristics  of  the 
process.  Very  characteristic  in  this  respect  are  the  results  of  exprariaents  with 
mixtures  of  dichlorethane  and  nitric  acid,  given  in  the  experimental  section,  Bi~ 
lution  of  the  mixture  with  water  makes  burning  impossible,  owing  to  the  isnfavorable 
composition  of  the  vapor.  With  further  dilution  of  the  liquid  with  a  ballast  sub~ 
stance  (oleum),  biuning  becomes  possible,  since  water  is  strongly  bound  to  the  mono¬ 
hydrate  of  sulphuric  acid  azxi  does  not  proceed  into  the  vapor  phase  in  the  beginning. 
In  the  case  of  a  mixture  of  nitrobenzene  and  nitrogen  tetroodde,  the  oxidizer  has 
at  identical  temperature  a  significantly  larger  vapor  pressure  than  the  fuel. 
Therefore,  if  the  composition  of  the  liquid  corresponds  for  exiHi!d.e,  to  zero  oxygen 
baliunce,  the  compositicm  of  the  vapor  over  it  contains  a  great  surplus  cf  oxidizer, 
with  idiich  burning  under  atmospheric  pressure  in  a  pipe  of  sbmlLI  diameter  is  im¬ 
possible.  Results  of  experiments  with  other  mixtures  can  be  eoqdained  analogously. 

The  decisive  role  of  the  composition  of  the  vapor  allows  to  esqxlain  also  the 
observed  phenomena  of  fractional  burnout  of  ZhVS.  Let  us  consider  the  someidiat  de¬ 
tailed  data  (XI  the  burning  of  a  mixture  of  tetranitrcsaej^hane  and  benzene.  Inasmuch 
as  the  vapor  tension  of  beiizene  is  noticeably  higher  than  of  tetranitromethane, 
the  concentration  of  fuel  in  the  vapor  should  be  ccsisiderably  greater  than  In  the 

liquid.  By  calcul&ti<ms  carri^  out  for  an  ideal  mixture,  at  a  cmtent  of  bmtuiene 

its/ 

in  the  liquid  of  about  15  wt.$/cont^t  in  the  vapor  will  constitute  sore  than  40^ • 

As  a  result,  over  a  liquid  of  stoichioaetxlc  c<sapo3ition  the  mpor  will  ccmtain  a 

,  * 

significant  surplus  of  fuei,  Which  stipulates  a  rsrf  raaU.  initial  burning  rats. 


In  the  process  cf  burning  the  liquid  is  heated  from  surface;  correap«aiddngiy  from 
the  surface  there  occurs  evaporation;  the  surface  layer  of  the  ZhVS  is  impoverished 
of  bensene  and  is  enriched  by  tetranitrcanethane.  Simultaneously  there  occurs  ©qualiii 
ing  of  the  canposition  cf  the  surface  layer  and  of  all  the  remaining  liquid,  in  the 
first  place,  nith  the  help  of  gravitational  currents,  in  connection  with  the  fact 
that  the  density  of  tetranitrcmsthane  is  almost  twice  that  of  benzen?*  With  the 
er.richment  by  the  ojxidizer  of  the  surface  layer,  its  density  becomes  greater  than 
that  of  the  underlying  layers  of  liquid,  which  favors  mixing  and  equali.zing  of 
composition  of  liquid  at  significant  depth  from  the  surface.  Equalizing  of  concen¬ 
trations  of  different  layers  of  liquid  prcmotes  also  diffusion,  but  the  speed  of 
the  latter  in  liquids  is  considerably  less  than  that  of  convection  mixing  by  the 
mechand-sm  describes  above.  When  the  burning  rate  is  very  small,  as  is  observed  in 
the  case  of  mixtures  of  benzene  with  tetranitromethane  of  zero  or,  all  the  more 
so,  negative  oxygen  balance,  equalizing  of  the  composition  of  the  surface  layer 
and  the  remaining  liquid  can  oscur  at  a  significant  depth.  If  the  layers  of  liquid 
are  not  great,  as  wa?  the  case  in  our  experiments  (10 — 20  diameters),  then  it  is 
possible  to  expect  that  the  composition  of  all  the  liquid  in  the  process  of  burning 
can  be  levelled.  Then,  in  the  course  of  propagation  of  burning  there  will  occtw  a 

change  in  the  canposition  of  all  the  liquid  similar  to  that  \Aich  is  observed  dur- 

components/ 

ing  the  simple  distillation  of  binary  mixtures  of/  T^th  different  volati¬ 

lity.  Enrichment  of  liquid  by  the  low-volatility  component  (in  the  given  case, 
tetranitromethane)  caiisos  a  corresponding  change  in  the  canposition  of  the  vapor; 
the  relationship  between  quantities  of  fuel  and  oxidizer  in  the  vapor  approaches 
the  stoichicanetric  for  the  leading  reaction  of  burning,  temperature  in  the  flame 
and  speed  of  reaction  increase  corraspcndingly^,  the  front  of  the  flame  approaches 
the  surface  of  the  liquid  and  the  bximing  rate  is  increased. 

The  picture  considered  above  of  the  fractional  evaporation  of  ctaaponents  of 

the  mixture  from  the  surface  and  equalizing  of  concentrations  of  the 

,  • 

•* 

surface  layer'  and  the  remaining  liquid  can  be  observed  only 


at  a  sufficiently  small  burning  rate.  If  this  speed  grcws  by  any  cause  (increase 
of  pressure  or  temperature,  change  of  composition  of  mixture),  then  the  depth  at 
which  mixing  and  equaliziiig  of  composition  can  occur  during  the  time  of  combustion 
of  a  heated  surface  layer  is  decreased.  At  a  sufficiently  great  burning  rate  the 
processes  of  fractional  evaporation  and  the  fractional  burnout  caused  by  it  are 
developed  very  weakly  and  only  during  combustion  of  the  heated  layer  of  liquid.  As 
a  result  there  can  appear  periodic  changes  in  the  speed  and  character  of  burning. 

At  a  small  thickness  of  the  heated  layer,  corresponding  to  a  great  btiming  rate, 
the  frequency  of  such  changes  is  great,  but  their  amplitude  is  very  small,  so  that 
they  do  not  play  an  essential  role  and  even  are  not  defected  with  the  usual  ex¬ 
perimental  setups. 

Fractional  burnout  is  not  observed  in  a  series  of  cases  and  at  a  small  burning 
rate.  Trivial  causes  of  such  a  phenomenon  can  be  the  foxnation  of  azeotropes  or 
comparatively  stable  chemical  compounds  of  components  of  the  mixture  in  the  liquid 
phase.  In  cases  when  density  of  the  more  volatile  component  of  the  mixture  is  high¬ 
er  than  that  of  the  less  volatile,  fractional  evaporation  leads  to  a  decreaae  in 
the  density  of  the  upper  layer  of  liquid.  In  such  cases  mixing  can  occur  only  by 
means  of  diffusion,  i.  e.,  extremely  slowly.  This  is  why  we  did  not  observe  pheno¬ 
mena  of  fractional  burnout,  for  example,  for  binary  ZhVS  of  tetranitrcmethane- with 
octanol  and  xylene,  while  they  are  clearly  observed  for  mixtures  of  the  same  oxidi¬ 
zer  with  methanol,  ethanol,  and  benzene.  It  is  possible  to  expect  further  that 
fractional  evaporation  w^Jl  cease  to  play  a  role  in  the  case  of  burning  of  the 

explosive  in  conditions  when  reactions  proceeding  in  the  condensed  phase,  begin  to 

«  , 
play  an  essential  role. 

Qae  should  note  that  the  phenomenon  of  fractional  evaporation  during  burning 
of  nonexplosive  liquids  was  observed  frequently  —  for  example,  during  the  burning 

} 

of  such  multiccaaixuiaat  mixtures  as  petroleum  and  certain  petroleum  products 
I  C aqueous  solutions  of  alcohol  bJ,  .  * 


Appearance  of  pulsations  as  a  result  of  fractional  cumout  was  most  clearly 
observed  in  the  case  of  solutions  of  ^  ®  volatile  nitro 

ester  —  methylnitrate.  In  the  light  of  preceding  works  (see  for  instance  /"l J ^ 
C'^J  appearance  of  pulsa-ion  with  an  increase  of  viscosity  appeared  surprising. 
In  the  quoted  works  it  was  shown  that  thickening  stabilizes  burning  and  gelatinized 
explosives  bum  even  in  those  conditions  in  which  the  same  substances  with  low  vis¬ 
cosity  bum  with  pulsations.  The  theoretical  foundations  of  the  stabilizing  influ¬ 
ence  of  viscosity  are  known  C'^J * 

In  the  cases  w®  studied  the  appearance  of  pulsations  with  thickening  is  deter¬ 
mined  by  the  fact  that  the  applied  polymer  is  much  less  volatile  than  the  liquid 
explosive  which  it  thickens  ard,  at  the  same  time,  it  by  itself  is  incapable  of 
exothermal  transformation  in  condensed  phase.  During  burning  fractional  evapora¬ 
tion  of  the  heated  layer  occurs  and  the  content  of  the  volatile  component  is  de¬ 
creased.  There  is  a  corresponding  increase  in  the  viscosity  of  this  layer,  whose 
surface  becomes  a  comparatively  strong  film,  contravening  further  escape  of  bubbles 
of  vapor.  The  increase  of  viscosity  of  the  heated  layer  hampers  simultaneously 
the  equalization  of  its  composition  with  all  the  reaaining  liquid.  As  a  result  of 
the  growth  of  viscosity,  the  burning  rate  of  the  ZhVS  is  lowered,  the  tl  ’ckness  of 
the  heated  layer  is  increased  and  it  is  turned  into  foam  with  vapor  bubbles,  locked 
by  the  viscous  film.  When  the  vapor  pressure  in  the  bubbles  becomes  sufficiently 
great,  the  film  is  tom.  With  this,  in  zone  of  burning  there  is  immediately  thrown 
out  a  significant  quantity  of  vapor,  carrying  with  it  drops  of  liquids  which  biim 
in  the  fora  of  a  flash,  after  which  the  cycle  of  the  phenomena  is  repeated.  The 
average  speed  of  propagation  of  such  a  process  can  be  greater  than  that  for  even 
burning  of  an  unthickened  substance.  With  an  increase  in  the  pressure  under  which 
burning  ja*oceeds  the  pulsation  regime  stipulated  by  the  evaporation  of  the  volatile 
compmient  is  suppressed.  It  is  possible  also  that  pulsations  cease  to  be  notice¬ 
able  because  of  a  decrease  in  liheir  amplitude  and  an  increase  in  frequency  due  to 
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growth  of  the  burning  rate  and  reduction  of  the  thickness  of  the  heated  layer. 

The  considered  picture  is  observed  at  the  ccasparativoly  great  bumirjg  rate 
characteristic  for  nethy^n^^i'^^Q*  o-  ^  scmswhat  less  volatile  and 

slcwer-buming  explosive  — »  athyl^iitrata  —  the  phenomenon  is  not  e^qiressed  so 
clearly.  IXiring  slow  burning  evaporation  of  the  more  volatile  co/^ponent  can  lead 
not  to  local  cheaige  .in  the  composition  of  the  thin  heated  laysr,  but  to  gradual 
change  of  composition  in  a  layer  of  si^pilficant  thickness.  Anplitude  of  pulsa¬ 
tions  with  this  is  decreased.  In  the  case  of  ethylQaitrate,  tliis  phaicmsnai  leads 
to  gradual  enrichment  by  the  polymer  of  a  layer  of  increasing  thickness  and  a  fall 
in  the  burning  rate,  up  to  its  attenuation  at  a  small  diameter  of  pipe,  owing  to 
thermal  losses. 

In  conclusion  let  us  note  that  phenomena  of  fractional  evaporation  possibly 
ai*e  not  the  only  mechanism  leading  to  variations  in  the  speeds  of  burnout  of  separ- 
:ate  components  of  a  mixture.  For  low-volatility  multiccoponent  systems  the  essen¬ 
tial  distinctions  in  the  speeds  of  reactions  of  components  can,  at  definite  condi¬ 
tions,  play  the  same  role,  which  variations  in  vapor  pressure  play  in  the  case  of 
volatile  explosives. 
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A.  I.  Gol' binder 

31.  Combustion  of  a  Hyperbolic  Explosive  Mixture  and  Its  Transition  liito 
Detonation 

Study  of  phenomena  of  the  transition  of  the  combustion  of  explosives  into 
detonation  is  of  essential  interest  in  man;'-  respects.  In  the  case  -f  hypergolic 
liquid  explosive  mixtures  we  observe  a  number  of  peculiarities  under  the 
conditions  of  the  transition  of  combustion  into  detonation;  these  vrere 
investigated  using  mixtures  of  tetranitromethane  and  organic  amines,  mainlj’- 
ani.line . 

A  mixture  of  tetranitromethane  and  aniline,  with  a  composition  close  to  the 
condition  of  zero  oxygen  balance,  is  self -ignited  after  a  certain  induction 
period,  vdiich  under  ordinary  conditions  (atmospheric  pressure,  room  temperature) 
is  close  to  a  minute.  Investigation  of  process,  the  self-ignition  in  particular 
reactions  occurring  during  the  delay  period,  allowed  us  to  establish  the 
following  characteristic  features  of  this  phenomenon. 

1.  During  the  induction  period  the  temperature  of  the  liquid  is 
practically  the  same  as  the  initial  temperature.  Very  slight  warm-up  (2 — 9“) 
is  observed  only  at  the  very  end  of  this  period. 

2.  At  the  end  of  the  induction  period  there  begins  the  accelerated 
formation  of  gases.  Bubbles  from  the  latter  break  through  the  surface  of  the 
liquid,  carrying  with  them  the  smallest  of  the  drops  of  the  liquid. 

3.  A  strong  exothermal  reaction,  leading  to  ignition,  appears  in  the 

gaseous  phase,  or  more  accurately,  in  gas  vapor  droplet  suspensions  above  the 

*. 


surface  of  the  liquid.  Ignition  of  gases  or  vapor  leads  to  c^'ibustion  of  the 
liquid  jnixture. 

Combustion  of  the  self-ignited  mixture  propagates  with  considerable  speed, 

approaching  or  even  exceeding  the  stalling  speed  at  which  appears  autoturbulcnce 

of  the  surface  of  combustion  liquid  due  to  the  Landau  effect  Thus,  in 

tubes  13  mm  in  diameter  and  50  mm  in  length  at  18 — 21®,  the  average  speed  of 

2 

combustion  of  such  a  mixture  was  from  0.44  to  0.80  g/cm  sec.  Characteristic 
in  this  case  is  the  irregularity  of  pi'opagation  of  combuation,  strong  flame 
pulsation  and  a  significant  (in  1.5 — 2  times)  scatter  of  the  time  of 
combustion  of  sectors  of  constant  length  in  parallel  experiments.  Combustion  in 
tubes  is  accompanied  by  a  sharp  whistling  sound.  The  aone  of  primary  flaiM 
adjoining  the  surface  of  the  liquid  has  a  significant  width  and  gleams  brightly. 
The  secondary  flame  above  the  section  of  the  tuba  is  hardly  noticeable  because 
of  lesser  brightness.  Sven  tubes  of  refractory  glass  are  noticeably  fused 
during  the  combustion  of  the  mixturs,  which  is  not  observed  in  the  case  of  other 
liquid  explosives. 

Just  as  for  other  explosive  liquids,  during  transition  to  a  pulsating  regime 
under  definite  conditions  it  is  possible  to  observe  attenuation  of  combustion. 

In  the  case  of  hypergolic  mixtures  of  the  examined  type  (and  this  distinguishes 
them,  for  example,  from  nitro  eaters)  such  an  attenuation  is  only  temporary. 
Reactions  leading  to  self-ignition  do  not  stop  after  attenuation;  the  formation 
o^  active  gaseous  substances  is  continued  and  they  again  burst  above  the  surface 
of  the  liquid.  Thus,  combustion  of  mixture  of  tetranitromethane  and  aniline 
(and, probably,  other  amines)  can  occur  in  the  form  of  alternating  burets  and 

^he  value  of  the  stalling  speed  for  the  given  mixture  is  difficult  to 
determine.  We  consider  that  it  is  of  the  same  order  as  that  determined  l?y  K. 

K.  Andreyev  /~1_7  nitro  ester  and  found  by  us  for  certain  liquid  non- 
hypergolic  mixtures,  i.o.,  0.25 — 0,3  g/cjsr  •  sec. 


alternations.  In  individual  cases  combustion  gaps  attain  0.5^ — 1*5  sec.  in 
others,  the3’'  are  so  small  that  by  visual  observation  it  is  impossible  to  note 
them. 

The  examined  inixtiire  is  capable  of  self-ignition  and  combustion  in  a 
considerablj^  vade  range  of  concentrations.  The  highest  combustion  rate  is 
observed  in  the  case  of  a  mixture  containing  nearly  20^  of  aniline  by  weight 
(the  zer:-  oxygen  balance  corresponds  to  an  amount  of  15.5Jo  of  aniline  by  weight). 
Further  experiments  were  conducted  with  a  mixture  the  composition  which 
corresponds  to  the  maximum  of  the  combustion  rate. 

In  many  cases,  the  combustion  of  a  sell-ignited  mixture  of  tetranitromethane 
and  aniline  changed  into  detonation.  To  reveal  the  conditions  of  this  transition 
a  series  of  experiments  ./ere  conducted  in  vdiich  the  total  mass  of  the  prepared 
mixture  and  the  height  of  a  layer  of  it  in  the  pipe  were  changed. 

In  these  experiments,  tetranitromethane  and  aniline  taken  in  such 
quantities  that  the  contents  of  tk?  latter  in  the  mixture  would  be  19.5!«  by 
weight  were  simultaneously  poured  into  a  glass  tube  through  a  common  funnel. 
Ignition  occurred  within  35 — 55  sec.  In  part  of  the  experiments  the  mixture 
burned  to  the  end;  in  others,  detonation  occurred.  The  results  of  these 
experiments  are  shown  in  Table  1.  The  height  of  the  detonating  layer  of 
mixture  was  determined  by  length  of  imprint  on  a  metallic  plate,  in  contact 
with  which  was  a  tube. 

From  the  data  of  the  Table  it  is  clear  that  combustion  of  the  self-ignited 
mixture  changes  into  detonation  if  the  height  of  the  layer  of  liquid  exceeds  a 
certain  criti'-ai  magnitude.  Comparing  the  results  of  experiments  in  tubes  of 
different  diaiK'^er,  it  is  not  hard  to  be  convinced  that  namely  the  height  of 
the  liquid  layer,  and  not  its  total  mass,  is  the  critical  condition  for  the 
transition  of  combustion  into  detonation. 


Exp«rimenta  established  also  the  tioie  from  the  mcxiant  of  self -ignition  to 
the  occurrence  of  detonation,  and  the  length  of  the  ignited  layer  of  mixture, 
as  the  difference  between  ^ha  original  height  of  the  column  of  liquid  in  the 
tubes  and  the  length  of  the  imprint  on  the  metallic  plate.  V/hen  ccmbustion 
changed  into  an  explosion,  m  did  not  detect  any  regularity  in  the  change  of  the 
length  of  the  Hquid  section  burning  before  the  occurrence  of  detonation.  Li 
some  of  the  parallel  experiments  it  was  poctjibie  to  observe  detonation  practically 
at  the  moment  of  ignition,  but  in  other  experiments  detonation  occurred  after 
burning  within  several  seconds. 

With  the  growth  of  initial  pressure,  the  burning  time  of  a  layer  of  mixture 
of  a  definite  height  is  considerably  reduced  (the  burning  rate  increases),  but 
the  transition  of  burning  into  detonation  is  relieved  abruptly.  In  a  series  of 
experiments  conducted  in  paper  tubes  of  about  7  nm  diameter,  glued  with 
waterglass,  for  a  height  of  the  layer  of  mixture  of  only  4  cm,  we  obtained  the 
results  shov/n  in  Table  2. 

Other  studied  amines  behave  in  a  mixt\ire  with  tetranitrcanethane, 

similarly  to  aniline.  The  delay  time  of  self -ignition  and  the  burning  rate  of 

mixtures  of  tetranitromethane  wich  o-toluidine  are  close  to  those  of  corresponding 

anili-ne  mixtures.  The  critical  height  of  the  layer  of  mixture  in  the  glass  tube, 

at  which  ccmbustion  transforms  into  detonation,  in  the  case  of  o-toluidine,  is 

1  and  / 

also  close  to  10  cm.  Mixtures  of  xylidino  /tetranitromethane  are  self -ignited 
with  a  delay  of  about  15  sec.j  burning  00010*3  still  faster  than  for  the  mixture 
with  aniline,  'with  accelerated  oscillations  of  speed,  separate  bursts  and  flsma 
pulsations.  With  such  a  method  of  combustion  it  is  very  difficult  to  apeak  of 
an;.*-  particular  characteristic  speed  of  propagation  of  the  latter.  Numerous 
experiments  with  mixturea,  containing  from  11.5  to  31%  by  v«igb.t  of  xylidine 


technical  mixt.ure  of  isomers. 


(zero  oxygen  balance  corresponds  to  lk.1%  z^.-lidins  by  weight),  with  loial 
volume  of  liquid  of  explosive  from  1.0  to  50  milligram,  showed  regardless 
of  the  quantity  of  mixture  it  burns  up  to  the  end,  if  the  layer  height  of 
explosive  is  not  greater  than  3  cm.  Vlth  a  great  height  of  the  layer,  ignition 
regularly’-  leads  to  detonation. 

Table  1 

Combustion  of  a  I-Iixture  of  Tetranitromethane  and  Aniline  (80.5:19.5)  at 

Different  Layer  Heights 


BuyTpeMMHft 

i 

CMecst 

Bucotx 

CJIO*  CMCCH 

CM 

^  MacTOCTb 
ACTOHaUHH  • 

10 

3,5 

5 

0/5 

13,5 

7.0 

5 

0/5 

18 

12,7 

5 

0/3 

10 

4.9 

6 

0/3 

21 

49 

14 

0/5 

5,6 

3,5 

14 

1/4 

13,5 

21,0 

15 

0/3 

21 

50 

•1/4 

8 

8,8 

18 

2/4 

8 

10,9 

22 

3/4 

10 

21 

27 

1/1 

5 

5.9 

30 

8/8 

8 

14 

28 

3/3 

10  1 

22,1 

28 

2/4 

5  1 

7.9  ! 

40 

2/2 

10 

35 

45 

3/3 

8 

26 

52 

3/3 

10 

42 

] 

53 

j 

4/4 

■’fT’he  numerator  is  the  number  of  cases  of  detonation,  and  the  denominator 
is  the  number  of  parallel  experiments.  1)  Internal  diameter  of  tube  in  ram; 
2)  Volume  of  mixture  in  ml.;  3)  Height  of  a  layer  of  mixture  in  cm;  U) 
Frequency  of  detonation. 


Table  2 


Haii^uioe  jsaaxeHMe 
KrjcjH 

iX.., 

^  Bpexa 

V  iM 

UKiiKMyif 

8  MQC  BUCOTOS 

»  cex. 

D 

MacTOCTfe 

AetCHSOHii 

1,0 

i 

IS.O 

20,2 

1.8 

0,18 

T.O 

2/8 

2.2 

0.24 

0.84 

4/8 

1)  Initial  pressure  kO/cm  ;  2)  Burn-up  time  of  layer  in  height  k  cm/sec; 

3)  Ilinimum;  4)  Maximuni;  5)  Frequency  oi  detonation. 

In  the  case  of  a  mixture  of  triethylamine  and  tetranitrome thane  self- 
ignition  occurs  vdth  a  short  delay.  It  is  impossible,  therefore,  without 
special  devices  to  mix,  during  tne  delay  time,  any  significant  amounts  of  fuel 
and  oxidizer.  During  simple  simultaneous  pouring,  the  components  do  not 
mix  and  are  simply  scattered  during  ignition  of  a  small  portion  of  them  which 
form  a  mixture.  Ignition  occurs  in  the  form  of  a  very  sharp  flash.  In  those 
experiments  viiere  by  means  of  cooling  of  components  or  dilution  of 
triethylamine  the  delay  time  was  somewhat  increased  even  at  a  height  of  the 
layer  of  1.5 — 3  cm,  a  strong  explosion  occurred  during  self -ignition. 

Discussion  of  Results 

The  essential  role  of  the  height  of  liquid  column  in  process  of  transition 
of  combustion  into  detonation  can,  in  the  given  case,  be  6.xplained  as  foUovra. 

In  a  self-ignited  and  burning  mixture  reactions  are  continued  between 
tstranitromethane  and  amine,  as  a  result  of  which  gases  are  formed.  Gas 
bubbles  rise  to  the  surface  of  the  liquid  and  cause  a  disturbance  (breatcaway  of 
drops,  appearance  of  relief),  r>hould  one  consider  that  reactions  leading  to 
gas  formation,  occur  more  or  less  uniformly  in  its  entire  volume  of  Ltqv^id,  then 
it  is  obvirms  that  the  greater  the  quantity  of  bubbles  passing  per  unit  ’ Ime 
through  a  unit  of  surface  area  ''f  the  liquid,  the  higher  the  xaver  of  liquid. 


starting  with  a  certain  critical  height  of  the  layer,  the  flow  of  gas  over  the 
surface  of  the  liquid  causes  its  intense  dispersion  and  formation  of  a  rather 
thick  layer  of  gas-drop  suspensions  subsequent  to  the  explosion}  according  to 
Andreyev  /~2_7  th'^s  is  the  cause  of  transition  of  combustion  into  detonation. 

For  conflimtion  of  the  considered  mechanism  special  experiments  \;ero 
conducted,  in  which  a  varying  intensity  of  the  stream  of  gases  could  be  obtained 
v/ith  an  identical  and  sufficient!;’-  small  height  of  the  liquid  column.  A  mixture 
of  tetraritromethane  and  aniline,  of  the  same  composition  as  in  f  e  main  series 
of  experiments,  vra.s  prepared  in  an  amount  of  2  ml  in  a  tube  ^dLth  an  internal 
diameter  of  5  mm,  and  in  an  amount  of  25  ml  in  a  tube  18  mm  in  diameter.  In 
both  cases  the  height  of  the  liquid  column  was  10  cm  and  in  all  experiments 
(6  apiece  vdth  tubes  of  each  diameter)  the  mixture  burned  to  the  end.  Then  the 
experiments  were  repeated  in  a  combined  tube,  the  bottom  part  of  which, 
approximately  4  cm  long,  has  a  diameter  of  IS  mm,  while  the  upper  part  is  5  mm 
in  diameter.  The  quantity  of  the  mixture  (11.5  ml)  was  selected  in  such  a  u^ay 
that  the  total  height  of  the  layer  in  the  combined  tube  was  also  10  cm.  Wi^h 
these  dimensions  the  intensity  of  the  flow  of  gas  bubbles  through  t'ne  surface 
of  liquid  should  be  the  same  as  in  the  tube  of  constant  diameter  with  a  mixture 
layer  height  of  50  cm.  In  all  5  experiments  in  the  combined  tubes  the  combustion 
of  ignited  mixture  passed  into  detonation,  vdiich  always  started  in  the  narrow 
part  of  the  tube. 

In  the  case  5f  a  hj'pergolic  liquid  explosive  mixture,  the  gases  that  form 
and  burst  through  the  surface  of  the  liquid  are,  as  was  shown,  active  products 
capable  of  fast  exothermal  reaction.  This  circumstance  determines  the 
mechanism  of  the  flash  of  gas-drop  suspensions  and  stipulates  the  possibility 
of  additional  strengthening  of  the  dynamic  action  of  such  a  flash  due  to 
simultaneous  ignition  above  the  surface  of  liquid  and  inside  the  bubbles, 
appr->achi.,g  it,  or  of  a  simultaneous  flash  in  a  number  of  bubbles,  divided  by 

Ui- 
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thin  layers  of  liquid. 

As  the  experiments  described  here  show^  liquid  hypergblic  mixtures  vdll 
behave  like  initiating  explosives  regular  transition  of  combustion  into 
detonation  is  observed  in  definite  conditions  at  atmospheric  pressure. 

Besides  the  above  mentioned  phenomena  which  facilitate  the  formation  and 
flash  of  a  layer  of  gas-drop  suspensions  and  increase  its  intensity,  the 
presence  of  gas  bubbles  in  liquid  should  considerably  increase  the  sensitivity 
of  the  latter  to  the  influence  of  rapid  rise  of  pressure.  Well  known  are  the 
data,  for  example,  given  by  F.  Bouden  bow  much  the  presence  of  gas 

bubbles  increases  the  sensitivity  of  liquid  explosives  to  the  mechanical.  A 
similar  role  is  also  played  by  the  bubbles  when  the  suspension  flash  acts  on 
liquid  explosives.  Evidently  in  this  case,  when  the  bubbles  are  filled  not  with 
air,  containing  an  insignificant  amount  of  vapor  frcaa  the  explosives,  as,  for 
example,  in  the  case  of  nitroglycerine,  but  with  a  reactive  mixture  of  gases 
(vapor)  in  a  state  close  to  self -ignition,  a  relatively  weak  rise  of  pressure 
is  sufficient  to  cause  ignition  in  the  bubbles.  Simultaneous  ignition  in  a 
series  of  bubbles  (as  a  result  of  flash  suspensions  above  the  liquid  layer) 
leads  to  detonation. 

A  unique  variant  of  gas-liquid  suspensions  in  the  considered  systems  can 
be  the  formation  of  a  layer  of  foam  of  bubbles  of  the  contributing  gases, 
separated  by  films  of  liquid  explosive.  If  the  height  of  the  foam  layer  exceeds 
a  certain  minimum,  its  burning  can  become  detonation  as  a  result  of  the 
combination  of  weak  shock  waves,  by  a  mechanism  analogous  to  that  of  the 
triggering  of  detonation  in  gases  Detonation  of  a  foam  layer  causes 

explosion  of  the  liquid  mixture.  The  sources  of  weak  shock  waves  can  be  either 
gas-dynamic  acceleration  of  the  burning  of  the  foam  due  to  the  progressive 
growth  of  the  surface  of  the  burning  liquid,  or  several  oonsecutive  flashes  of 
gas  in  separate  foam  bubbles,  •  * 


Confirmation  of  the  fact  that  a  explosion  appears  in  foam  layer,  can  be 
deduced  frcan  the  following  indirect  data:  in  many  cases,  when  detonation  of 
mixture  occurred,  then  on  the  plates  to  which  the  tubes  were  fastened  it  was 
possible  to  note  a  sharp  change  of  "imprint"  intensity.  On  the  section  ad^loining 
the  upper  part  of  the  tube,  we  observed  a  relatively  weak  mechanical  action,  but 
in  the  lower  part  we  noted  significantly  stronger  action.  It  is  possible  to 
assume  that  the  weak  imprint  was  obtained  on  the  section  of  foam  explosion 
which  compared  to  the  liquid,  is  a  small  density  charge^. 

The  concept  of  triggering  of /"Explosion  in  a  gas  or  in  a  two-phase  layer 
is  in  good  agreement  with  the  results  of  experiments  at  various  pressures 
(Table  2).  With  the  growth  of  the  initial  pressure  the  triggering  of  liquid 
explosion  is  facilitated,  similar  to  that  which  was  observed  by  K.  K.  Andreyev 
and  V.  P.  Maslov  Rdultovskaya  and  Yu.  B.  Khariton  /~7_7 

explosions  of  detonating  gas. 
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32*  On  the  Causea  of  Incoaplste  Detonation  of  Sxploeivee  in  Blaet  Holse 

During  explosive  work  in  ninee  cases  of  inoaaplete  dietonation  of  a  ehsrfs  of 
explosive  in  blest  holes  are  often  observed.  This  interferes  with  norsMil  operations. 
Inccenplete  detonation  of  even  a  few  charges  lowers  the  effectiveness  of  explosive 
drilling  work,  since  it  disturbs  the  calculated  diagrsa  of  interaction  of  charges 
in  the  face.  Besides,  and  this  is  most  isiportant,  it  has  a  direct  relation  to  two 
main  sources  of  traumatism  resulting  frosi  explosive  works. 

It  is  known  [^zj  that  about  40^  of  the  oases  of  this  type  of  traumatiiRa  are 
connected  with  the  liquidation  of  the  refusing  charges,  with  their  explosion 
during  counterboring  of  face,  with  the  striking  of  oases  of  eaqploeive  in  loading 
imachizMS,  etc.  Besides,  incon^lete  detonation  is  a  cause  of  burnout  of  ezqsloeive 
charges  in  blast  holes  •-<>  an  extremely  dangerous  j^ncomnon  in  mines  with  gaseous 
dust  regimes.  Explosion  of  part  of  the  charge  develops  in  the  closed  cavity  of  the 
blast  hole  a  high  pressure  of  gases  having  a  high  tea^mrature.  In  these  conditions, 
as  was  proven  by  investigations  MskNII  /Ifskaye^  Soientlfio  Reeearoh  Institute  ' 
for  Mine  SafetyJ^  j^Xj  and  a  number  of  foreign  works,  all  explosive  can  burn. 

If  on  the  ejqsiration  of  a  certain  time  the  cavity  of  the  blast  hols  is  uncovered, 
then  burning  amss  Is  thrown  out  into  the  space  near  the  face;  vdtose  atmosj^re  to  , 

f 

this  tims  often  becomes  explosive,  even  if  it  and  was  not  before  the  beginning  of 
blasting.  Certainly,  far  from  every  case  of  incomplete  detonatiem  Isadt  to  the 
appearance  of  burnout.  For  that  it  is  neoeeeary  that  the  cavity  of  the  blast  holm  ’ 
was  not  uncovered  by  the  e:^lofion  of  part  of  tl^  ohargt  tiu&t  the  given 


^11 
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•xplotlv*  po«M88«s  ft  significftnt  incliiuttlon  to  burning. 

Th«  prftcticft  of  drilling  ftnd  blAiting  ftliom  to  aftk*  th«  follcwing  gontrftl 

^1/ 

conelusicHis  idiich,  should/iftift  fts  ft  bftsis  for  setting  up  ijiy«8tigfttion8  of  concx^te 
cftx»«s  of  the  ftppeftrfthce  of  incoaiplete  detonation. 

1.  Inconplete  detonation  is  cherftcteristic  stainly  for  sinking  works ^  where 
long  chftrges  are  ftpplied. 

2.  laocsplete  detonfttion  is  observed  aore  frequenti;^  with  the  use  of  ex¬ 
plosives  with  relfttlvelj  low  detonfttion  ftbilitx. 

3.  IncoMtplste  detonfttion  is  aoet  .charscteristic  for  coal  adnes,  while  at  the 
sftM  tisw  when  in  mining  industry,  and  abroad  also  in  the  coal  indu9tx7,  this 
phenoaenon  is  rare. 

Apparently,  last  circumstance  is  a  consequence  of  essential  distinctions  in 
the  technology  of  drilling  and  blasting  work  in  the  coal  industry  of  USSR,  nasMly: 

here  are  xxsed  explosives  having  co8^>aratively  low  detonational  ability; 

in  the  aining  industry,  and  abroad  also  in  sinking  work  in  sines,  drill  boring 
is  applied,  which  assures  that  tbi  blast  holes  obtained  are  well  cleaned  of  bore 
asal,  while  in  coal  mines  blast  holes  are  drilled  in  the  sinking  face  by  electric 
drills,  for  idiich  reason  they  are  poorly  cleaned  of  bore  aeal; 

in  sdning  industry  wide  use  is  aade  of  cutting  and  crxishing  of  cartridges 
during  their  insertion  in  blast  holes,  which  is  forbidden  in  the  native  /"Soviet 
coal  industry. 

Investigation  of  the  phenoiasnon  of  inccaplete  detonation  and  burnout  of  charges 
in  blast  holes  is  t\w  subject  of  a  series  of  foreign  works  (T&^fenel  and  Dotrish, 
Fripia,  ^risshaw,  Odiber,  Dwight,  Sartorius)  and  in  the  Soviet  Union  (Rudakovskiy, 
Dubnov,  Galauishiy).  It  has  been  established  that  a  number  of  factors  operate  \uider 
production  conditioMs  (such  as  iaproper  insertion  of  cartridges,  foraation  between 
thea  of  corks  or  plugs  of  bcu^e  aeal,  a  lateral  or  radial  gap  b»uwsen  the  charge 
surface  and  the  walls  of  the  blaat  hole,  etc.);  these’  factors  can  lead  to  incoaplete 


|dttonatioR  •vwi  with  norMl  quality  of  93spl<mif,  To  promt  tho  lattor  in 

j  coal  ainot  two  aoMuroa  wort  pMttd  which  in  thtir  tijRt  wtrt  givtn  grtat  tlgnifieanet. 

!  In  the  first  plact  a  rule  was  introduetd  prohibiting  *  crushing  of  eartridgas  in 

I 

blast  holts  and  rtquiring  that  they  bs  inssrtad  in  ths  blast  hols  \3f  a  solid  eort. 

( 

i  This  was  intandtd  to  aroid  the  f<»mtion  of  plugs  of  b<»rt  nsal  bstwosn  ths 
cartridges;  this,  if  judging  by  the  data  of  Niiklill  £“lj,  is  the  aain  cause  of 
ineaaqjlste  detonation.  Secondly,  to  increase  the  detonation  ability  of  tbs 
charge  the  disasiter  of  the  cartridges  was  increased  trm  32  to  36  as.  Subeequent 
practice  of  drilling  and  blasting  works  did  not  shea,  howsver,  ths  sxpseted  sharp 
lowering  in  the  nuaber  of  cases  of  inccsqslste  dstonstion  and  burnout  of  charge. 

This  led  to  the  conclusion  that  ths  esuss  of  ineciqilete  detonation  of  blast  hole 
ehsrgss  is  aore  ccaplicatsd  and  requires  aore  detailed  study.  In  eewmsetion  with 
this  in  1957 — 58  authors  in  ths  forasr  Fan-Union  Scientific  Resesroh  Coal  Institute 
(VUGI)  ecnducted  work  idiost  results  sre  briefly  exsained  in  the  present 

article. 


Influence  of  liSagnitude  of  Air  Gap  Between  Faces  of  Cartridges  CXn 

Tranaaission  of  Dstonation 

AHionite  Ho.  8  and  Pobedits  FU-2  in  cartridges  with  dissatere  of  32  and  36  aa 
were  investigated.  The  weights  were  200  and  250  g  and  the  density  of  explosive  in 
the  cartridge  0.98 — 1.02  g/ca^  respectively.  TIm  critical  diaaeter  by  our  de- 
terainationa,  was  for  Asnonite  No.  8|12  aa,  aiwi  for  Pobedite  PU-2,  6  sa.  Distances 
of  trviSBission  of  detonation  on  standard  aethodology^  are  given  in  Table  1. 

As  blast  hols  aodels  we  used  steel  pipes  with  a  wall  thicknesa  of  3  Mi* 
Internal  diaaeter  of  pipes  in  tests  of  cartridges  32  aa  in  diaaeter  was  36  Mt,  and 
for  36  aa  cartridges,  39  aa.  To  eliainats  the  gap  between  ths  lateral  surface  of 

-Hiuintity  of  oonfiraations  was  increased  trm  3  to  XQ  esqseriaients  per  point. 


th*  cArtridg*  and  th«  pipa  walls,  ths  cartrldgss  wars  sncsssd  in  cardboard. 

Staadns  was  not  uaad.  Tha  eoaplatanaas  of  datonation  of  a  paaaiva  cartridga  was 
Judgtd  tha  charactar  of  da'^truetion  of  tha  plpa  and  tha  abaanca  of  rasldua  of 
axplosiva.  Tha  adaquaey  of  such  a  crltarion  was  provan  by  ccMparison  of  raaults  of 
axpariaanta  with  oowraasion  of  standard  laadan  eolians,  placad  bahind  tha  faca  of 
a  pMsiva  cartridga.  Sactions  of  pipas  batwaan  aetiva  and  paasi^a  chargaa  wars 
not  dastroyad  and  wars  not  bulgad  during  aiiq^losion. 

Tabla  1 

Diatanca  of  transMisaion  of  datonation  through  air  gap  for  Aaaonita  No.  8 

and  Pobadita  FU>2 


1) 

msMMMMMHe  BB 

ilMaueTjp  naTpoiioH 

MM 

j)PaccTO!MtNe  iicFe.ia<ifi  jieToiiau'tii 
•lepes  ]io3.iyuiiiufi  npoMeiKyroK  b  cm 

OTKpUTOM 

BKuyxe 

Tpy6e 

3B3opa 

,  • 

• 

fio6€AHr  ny-2 

32 

5 

48 

%>dcAirt  hy*2 

36 

10  . 

>100 

H  t 

36 

3 

1 

14 

1)  Daaignation  of  axplosiva;  2)  Diiaatar  of  cartridM8,wfi;  3)  Mstanca  of 
tranaodssion  of  datonation  through  air  gap  in  ea;  4)  In  tha  opan  air;  5)  In 
steal  pipe  without  gap;  6)  Pobadita  PU-2j  7)  Aaaionit^  No*.  8, 

Tha  aaxiaua  distances,  at  which  wa  obsarvad  faultless  transsdssion  of  da~ 
tonation  (confimad  tfy  10  repetitions )  are  given  in  Table  1. 

At  large  distances  a  vary  slow  buildup  of  probability  of  rafvuial  is  observed. 
T!ius,  Aanonita  No.  8  in  cartridges  with  diaawters  of  36  m  gives  this  frequency  of 
transmission  of  datonation:  at  14  cm  —  IOO5C,  15  —  90^,  20  —  6A$,  30  55^, 

40  -  33%. 

Tha  sharp  increase  in  distance  of  transmission  of  detonation  with  location  of 

a  / 

the  charge  in/p!]^  is  explained  ^  the  fact  that  the  shock  wave  and  products  of 
oxpl<Miion,  being  p^ropagatad  in  tha  pipe,  prasirv#  their  spaed  and  pressure  much 
longer  than  in  the  opan  air  and,  consequently,  can  trigger  cartridges  of  explosive 
at  significantly  le^ge  distances.  This  is  iHusiratad  by  photographs  obtained 


(With  tht  tolp  of  an  Sift  inatnownt  of  adrror  obaarvation.  I»  Fig.  1  la  ahowt  tht 
[propagation  of  datonation  produeta  from  tiia  fact  of  Mtiva  oartridga  in  tht  optn 

jair,  and  in  Fig.  2  in  a  ataal  pipt.  It  ia  vary  eltar  that  in  pipt  tht  apttd  of 

! 

!  produeta  of  txploaion  is  la«trtd  alowly,  but  in  tht  optn  air  —  faat.  Tht  aort  tht 

itxploaion  products  can  expand  to  tht  aids  (i.t.,  tht  grtattr  tht  ratio  of  pipe 

diaattar  to  the  diaattar  of  tht  cartridge),  the  clottr  the  picture  of  the  phtncatna 

will  approach  that  of  trartSial«tio£  of  detonation  in  the  optn  air.  Snail  diataocm 

1  -  - 

of  trantaiasion  of  datonation  obtained  tor  MakNII  ^  1^  in  a  atttl  aortar,  art 
t3q>laintd,  apparentijr,  by  the  fact  that  the  channel  of  tba  aortar  had  a  very  large 
diaaettr. 

Tht  rtauits  of  the  ejqatriatnts  allow  to  note  the  following* 

1.  Diatanct  of  faultlaaa  transaiaaion  of  detonation  in  pipta  it  aignificantly 
grtatar  than  that  in  tht  optn  air  (for  laaonita  Mo*  8  •»-  clset  to  5  tiata,  and  for 
Pobaditt  HJ-2  —  10  tiaea). 

2.  .Haplacaaant  of  aaaonitt  without  nitrogiyctrint  by  a  low^percentagt  nitro¬ 
glycerine  explosive  practically  liquidates  the  danger  of  appearance  of  inccapltie 
detonation  of  charge  due  to  improper  inaeri^ion  of  separate  oar&ridges  (in  the 
absence  of  other  causes),  since  iaproper  insertion  at  diatancea  of  50  and  100  cm 
in  practice  is  doubtful. 

3.  Standard  test  of  tranaiaission  of  detonaticsi  in  the  open  air  not  only  dose 
not  give  alMiolute  data  on  the  distances  of  tranwaiaaion  of  detonation  in  blast  holaa, 
but  also  does  not  show  the  correct  ralatiordihip  iiaong  these  distances  for  different 
explosives.  Therefore  the  stimdax^  test  should  be  considered  only  aa  a  iieana  of 
control  of  quality  of  each  given  explosive. 


to  distances  of  transadsaion  of  detonation  in  the  open  air. 
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Fig*  1.  Movement  of  shock  wave  and  products  of  detonation  frcia  end  of 
active  charge  in  the  open  air.  (Ammonite  No.  8:  diameter  of  charge  36 
BB,  weight  200  g,  density  1.0  g/cni3).  1  —  charge,  2  —  insulating 
tape,  3  —  wooden  plate;  a)  Distance  in  cm;  b)  Tiane  in  aicroasc. 


Fig.  2.  Movement  of  shock  wave  and  products  of  detonation  from  end 
of  active  charge  in  a  steel  pipe.  (Aiumonite  No.  8;  diameter  of  charge 
36  am,  weight  200  g,  density  1.0  g/cm^).  1  —  charge;  2  —  steel  pipe 

39  em  in  diameter  with  a  series  of  ajj^rtures  for  survey;  3  —  steel 
plate.  a)  Distance  in  cm;  b)  Tiiue  in  !nicro;«o 


A. 


Influtnct  of  Hignitiado  of  Box^  Mial  Plugs  Bstwosn  Ctrtridgst 
On  Transsisaion  of  Bstonaticm 

Pirat  mt  dsttradmd  tiw  length  of  th#  plugs  that  can  ba  fonstd  during  insertion 
of  cartridgss  through. poor Ijr  clsanad  blast  holts.  For  that  through  a  block  of  rook 
ue  drilltd  blas+  holes  45  bbh  in  diaastar  -iiith  an  slsctric  core  drill.  Blast  holes 
practically  wars  not  clsantd  of  bora  asalj  if  ooa  ignores  tha  ranoval  of  a  certain 
quantity  of  it  during  extraction  of  tha  boring  rod.  Tha  b<xpa  aaal  was  dry.  Through 
thasa  blast  holts  m  pushed  cartridges  with  a  diaastar  of  3^  sM'  Tbi  length  of  tha 
dust  plug  collsctad  ahsad  of  tha  cartridgo  usually  did  not  axcaad  2  and,  in  vary 
rare  casaa,  2.5  cm  (aaasuraaent  vsa  autda  after  comprataion  of  tha  plug  by  the 
cartridge). 

Analogous  axparimsnts  wars  also  conducted  in  VUGI  under  tha  leadership  of  M. 

G.  Patror  C’^J*  From  a  series  of  alabaster  copies  of  blast  holts,  drillsd  in  a 
mins,  tha  saxpla  was  salaetsd  with  tha  biggest  distortion  and  a  csssint  split  rvrtdal 
of  tha  blast  hole  was  prepared  from  it.  In  tha  channel  of  this  modal  bora  meal 
was  poured  and  pushed  through  bf  cartridges  of  sjqslosiTa.  Just  as  in  our  ex» 
perimants,  dust  plugs  with  a  length  of  more  than  2 — 2.5  cm  were  not  observed. 

In  the  works  of  MakNII  £\J  cartridges  of  Aammite  Xo.  8,  32  mm  in  diismter, 
in  the  mortar  gave  8^  refusals  with  a  plug  of  ooal  dust  in  1  cm  in  Isngth,  but  with 
such  a  plug  of  insrt  dust  —  A  coal-dust  plug  of  3  cm  Isngth  gave  10Q<  re- 

foss^ls.  Pobedite  No.  6  with  a  coal-dust  plug  1  os  in  length  gave  12^  refusals,  but 
at  3  cm  —  885^. 

In  order  to  determine  whether  the  siMiIl  distances  of  transmissioD  of  detonations 
obtained  by  MakNII  were  connected  with  the  presence  of  a  radial  gap  between  th* 
cartridges  and  the  walls  of  the  blast  hole,  we  conducted  esiperdmsnts  in  the  absence 
of  this  gap. 

The  tests  were  conducted  in  steel  pipes.  As  material  of  the  plug  we  applied 


tand,  clt;f  schist,  and  coal*  Thtt  plug  'was  packed  by  a  force  up  to  5  kg  and 
occupied  all  the  space  between  cartridges.  The  radial  gap  yms  filled  by  cardboard; 
stMMing  was  not  applied. 

With  an  increase  in  the  length  of  the  plug  the  probability  of  transmission  of 

detonation  is  lowered  very  fast.  Thus,  for  exazsple,  for  Pobedite  PO-2  with  a 

cartridge  dimeter  of  32  an  this  is  confimsd  by  the  following  data; 

Length  of  sand  plug  in  cm  5.2  5«5  6.0 

Frequsncy  of  transmission  of  detonation  in  %  100  80  66 

Results  of  tests,  oonfirsaed  by  10  rep«titionS|  are  given  in  Table  2. 

Table  2 

Tr^jnsaission  of  detonation  through  different  dust  plugs  in  the  absence 
of  radial  gap  between  charge  and  walls  of  blast  hole 
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1)  Designation  of  explosive;  2)  Disaster  of  cartridges,  am;  3)  Maximum  distances 
of  faultless  transmission  of  detonation  through  dust  pl.ug,  in  cm;  4)  Sand;  5) 
Schist;  6)  Coal;  7)  Pobedite  PU~2;  8)  Aamonite  No.  8. 

From  Table  2  it  follows  that  the  maximum  distance  of  transmission  cf  detonation 
through  a  dust  plug  changes  very  little  with  a  change  i,i  cartridge  diameter.  Hence 
it  is  deaw  that  changing  to  cartridges  of  large  diameter,  without  an  increase  of 
requireiaents  of  technical  conditions  by  the  index  of  transmission  of  d8tonati''a  on 
air^  will  worsm  its  transmission  through  a  dust  plug  in  a  blast  hole.  The  tran¬ 
sition  of  drilling  and  blasting  operations  in  mines  to  cartridges  of  increased 


%uch  an  increase  in  essence  would  a  irequiremsnt  for  preservation  of 
explosive  quality  at  the  former  level,  since  th®  distance  of  transmission  of  d© 
tonation  in  the  standard  test  strongly  depends  on  the  diaiaeter  of  the  explosive 
cartridges. 


iiMamUo’  ifM  pcrfonud  without  any  changes  of  technical  conditioni  for  ths 
*di 

•xplocivi  and  therefore  did  not  lead  in  practice  to  a  lowering  of  the  nuaber  of 

cates  of  incomplete  detonation  ar  I  burnout  of  charge  in  blatt  holes. 

>f 

The  question  arises  of  the  jsschanisa  of  transndssion  of  detonation  with 
diiaensions  of  the  dust  plug  near  to  the  sModnuai.  Is  the  passive  charge  triggered 
by  the  shock  wave  passing  through  tn®  plug,  or  does  the  plug  initiate  the  ex¬ 
plosive  by  the  isr^ct  of  its  vdiole  inass?  To  ascertain  this  we  conducted  the 
following  experiments. 

Cartridge  of  ABsionita  No.  8^ 3b  mb  in  diameter  were  inserted  in  a  steel  pipe 
without  a  radial  gap.  The  active  cartridge  was  closely  adjoined  by  a  plug  2—2.5 
CK  in  length,  i.e.,  less  than  the  maximusi.  Between  the  plug  and  the  passive 
cartridge  left  an  air  gap  of  10  cm,  i.e.,  also  a  little  leas  than  the  maximum. 

In  wall  of  pipe  at  the  air  gap  section  we  drilled  20  apertures  10  n«  in  diasmter  to 
decrease  the  compression  ratio  of  air  during  movement  of  the  plug.  In  all  ex¬ 
periments  detonation  was  transmitted  coapleto ly.  This  speaks  in  favor  of  the 
aechanism  of  transmission  of  detonation  by  the  impact  of  the  entire  mass  of  material, 
is  since  the  air  gap  in  caabination  with  the  plug  abruptly  weakens  the  shock  wave,  but 
has  little  influon-.e  on  the  momentum  of  center  of  gravity  of  the  plug.  An  increase 
Lion  in  the  air  gap  to  30  cm  led  to  refusals.  Analogous  r«suJ.ts  were  obtained  without 
ice  the  apertures  in  the  pipe. 

f  There  are  other  argumnts  favoring  our  expreesod  assumption  on  the  aechanism 

on  of  transisiission  of  detonation  through  a  plug  between  cartridges  of  charge  in  a  blast 
hole.  If  transmission  of  detonation  through  the  plug  occurs  as  we  assiuae,  then  the 
mass  of  the  maxiaua  plug,  appearing  per  unit  of  area  of  charge  cross  section  should 
be  near  for  various  materials.  Data  of  the  corresponding  calculation  are  given  in 
Table  3- 

Thus,  our  aosumption  Is  confirsaed  with  an  accuracy  ±15!^  for  Pobedits  1^-2  and 


i  22'^  for  Ajmonito  No.  8 
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1)  Designation  of  explosive:  2)  Diaaeter  of  cartridges,  aoi;  3)  Specific  nass  of  it 
the  aaxixuBi  plug  in  g  per  c«?  of  the  charge  cross  section;  4)  Sand;  5)  Schist; 

6)  Goal;  7)  Pobedit#  PU-2;  8)  Asnonite  No.  8,  (J 

Apparently,  the  decisive  value  in  such  aechanisa  of  tranndssion  of  de>  bl 

tcmtion  is  that  of  the  jaoMsntua  of  the  plug.  The  aoMintuBi  coenunicated  to  the 


plug  by  the  explosion  of  a  given  explosive, in  our  conditions  is  kept  approxiaately 
constant  for  all  asgnitudes  of  the  plug,  since  it  is  deterained  aainly  by  the  ti»# 
of  bursting  of  the  pipe  ualls.  Therefore  with  an  increase  in  the  plug  its 
BOMntun  changes  in  inverse  proportion  to  the  aass  and,  reaching  a  known  liadt, 
ceases  to  excite  detonation  in  the  passive  charge. 

In  Fig.  3  are  given  photographs,  obtained  by  asans  of  an  SPR,  of  transaission 
of  detonation  in  steel  pipes  through  aaxiaua  plugs  of  sand  between  cartridges  of 
Aaionite  No.  8  having  diaasters  of  36  ns.  Delay  tiae  of  transmission  of  dstonation 
through  ths  plug  will  attain  70  microsec. 

For  an  open  charge,  tdiere  the  free  dispersion  of  products  of  explosion 
abruptly  lowers  the  pulsv>  received  by  the  plug,  we  obtained  lOC^  refusals  of 
transaission  of  detonation  through  a  plug  of  a  magnitude  of  1  ca,  both  for  Aaaonite 
No.  8  and  for  Pobedit#  PU->2. 

In  the  light  of  the  above  it  may  be  easy  to  explain  the  sharply  reduced  P 

magnitudes  of  the  aaxiaum  plug  obtained  in  MakNII:  the  main  testa  there  were  ® 

conducted  with  very  large  radial  gaps,  apprcxiaating  the  character  of  the  phenoasnon  ° 
of  transaissican  through  a  plug  in  the  open  air.  It  is  unsurprising  that  in  MakNII  * 


9> 


rcfoMlt  Mr*  obt«in*d  even  with  a  plug  of  1  cm.  Th*  influence  of  such  a  anMill 
plug  WM  aeeeeaed  as  decisive^  inasmuch  as  they  aire  very  probable  in  industrial 
conditions. 


^y  our  data>  the  magnitude  of  the  smodmum  plug  vdth  which  no  x^rfusals  in 
transmission  of  detonation  are  observed  in  the  absence  of  a  radial  gap,  significantiy 
exceeds  the  magnitude  of  the  probable  plug  met  in  industrial  conditions.  From  this 
it  follows  that  the  practically  possible  plugs,  with  elimination  of  the  radial  gap 
(for  exempli  by  means  of  cutting  and  crushing  of  cartridges  diuring  insertion  in 
blest  holes),  cannot  by  themselves  give  that  freqttency  of  incomplete  detonations  of 
blast  hole  charges  that  is  observed  in  mines  at  present. 


r  IF  -re  F  m 


Fig.  3.  Transmission  of  detonation  in  steel  pipe,  in  the  absence  of  a 
radial  gap,  through  a  sand  plug  3«5  cm  in  length.  (Aamonit#  No,  8: 
diameter  of  cartridge  36  nm,  weight  250  g,  density  1.0  g/ca^).  1  — 

active  cartrid^;  2  --  plug;  3  —  passive  cartridge j  4  —  steel  pipe; 
a)  Distance  in  cm;  b)  Time  in  microsec. 

In  spite  of  this  question,  the  struggle  with  possibility  of  fonsatiem  of 
plugs  between  the  cartridges  a  blast  hole  char^  remains  very  urgent.  A  radical 
solution  of  this  question  would  be  the  adoption  of  washing  during  rotary  drilling 
of  blast  holes;  this  has  been  initiated  in  mines  of  the  Kusnetsk  Basin.  There 
are  other  expedient  methods,  as  for  example; 


«)  Adding  to  th*  facts  of  tha  ssqplosiva  eartrldgss  convax  (strasnliJn^)  iogm* 
Such  cartridgas  will  not  gathar  litrga  plugs  baf<xra  thansalvas. 

b)  DavalopMnt  of  sii^lsst  attachMnts  for  djiprovraant  of  elaaning  of  blast 
holas* 

c)  Xncraasing  tha  diasMtar  of  rods,  with  gaxisnw  approach  to  tha  dianstar  of 
tha  euttar,  and  banning  tha  uaa  of  rods  aftar  dafinita  wear. 

d)  Application  of  cylindrical  euttara,  dacraasing  distortion  of  blast  holas 
during  drilling* 

a)  Application  of  axplosivas  which  hava  Isrga  distancas  of  transmission  of 
datonation  through  plugs. 

On  Tha  Incosiplata  Charga  Datonation  Dua  to  Tha  Inclusion  in  Than  of 
Cartridgas  Vftth  Lost  Datonation  Ability 

A  cartridga  of  axploalva  with  lost  datonation  ability,  occurring  in  tha  charga, 
acta  aa  a  plug  20 — 23  cm  in  langth  and  must  nacassarily  laad  to  incosqslata  da¬ 
tonation. 

An  axploaiva  cartridga  can  loss  its  datonation  ability  in  a  wat  blast  hola  as 
a  rasult  of  soaking.  To  pravant  this  one  should  apply  watarproof  axplosivas. 

In  USSR  sa^rsral  mathods  hays  baan  davaloped  of  making  axplosivas  watarproof  fully 
sufficient  for  tha  majority  of  working  conditions  net  iin  the  coal  industry.  Tha 
time  has  ccaa  to  issue  ovarwhalmlng  quantities  of  axplosivas  in  waterproof  variants. 

Cartridgas  can  lose  datonation  ability  also  during  transportation  and  storage 

in  tha  warahoiMs.  Ammonite  not  only  has  relatively  low  dat<H»tion  ability,  but 

also  quickly  loses  it  dua  to  moistening  and  matting  during  storage,  aspacially  at 

increased  humidity  and  variati<»is  of  tamparatura.  Paraffined  shells  partially 

help  resist  these  harmful  phanonana.  However,  during  protracted  transportation  of 

axplosivas  from  factories  to  consumers  in  separate  cartridges  there  appear  small, 

diffieult-to-dateot  disturbances  of  tha  airtightnasa  of  tha  shell.  During  subse- 

♦ 

quant  storage  in  a  warehouse  such  cartridges  lose  detonati<m  ability  much  faster 


than  thoM  with  utdapairtd  shallf.  If  in  tht  ttortd  lot  of  aseplociTM  such  . 
eartridgts  aakt  up  Mvoral  por^ntji  thon  thojr  art  alsott  ntvtr  dtttettd  during 
ttats  on  tht  tranaaittion  of  dttonation,  i.t.,  thty  art  difficult  to  control.  ^ 

(tutn  2|S  of  tuoh  eartri^a  will  gito  during  blaating  an  avtragt  of  two  rtfiaiida  in 

I 

jtvtrj  drift.  In  eonnaetion  with  thic^  tht  phtnoatnon  of  lota  of  dat^tiwi  aidilltf 
by  indiyidual  cartridgas  eauata  industry  aort  harm  than  a  gtntral^  tvtn  lowtrihg  of 
detonation  ability  by  entire  lots^  which  is  tasiiy  detected. 

To  reduce  the  poasibiHty  of  such  phenoaana  it  is  nectaaary  to  ii^ovt  the 
sealing  of  e3q>losive8  and  to  lower  the  actiuil  periods  froai  the  aoaent  of  aanu^ 
facture  of  exploeiTss  to  their  use. 

At  present,  cartridges  during  ti^ir  issue  to  deaolition  expe^  are  p^rced  by 
needle-shaped  staaps,  which  disturbs  their  airtightnesa.  Unused  cartridges 
returned  to  underground  mine  storehoiisee  and  there  fast  loee  detonation  ability.  It 
is  necessary  to  reject  the  perforation  of  exploeiira  cartridgas  in  mines  and  to 
Introduce  printing  of  number  signs  on  the  shell  of  cartridges  during  the  wu- 
facture  of  eaqjlosives  at  the  factory. 

Om  should  ejqpand  application  of  exploelvss  e^taining  up  to  10~>15^  hitro 
ester  and  therefore  possessing  increased  detonation  ability,  iddch  is  retainsd 
longer  during  storage. 

In  connection  with  the  fact  that  for  Soviet  Union  prolonged  periods  of  storecc 
of  explosives  are  characteristic,  it  is  very  important  to  reduce  their  deterioration 
during  tt(»rage.  In  this  respect,  it  is  expedient  to  use  the  results  of  con¬ 
ducted  in  Bngland  /”7_7  Poland,  where  a  poaitive  effect  wee  obtained  by  the 
introduction  in  the  composition  of  esqplosives  of  a  small  quantities  of  certain 
substances  (for  example,  fuchsin). 

Influence  of  Radial  Gap  Between  Lateral  Surface  of  Cartridges 

At^  walls  of  Blast  Hole 

The  gap  between  the  lateral  surface  of  the  e3q)los'iye  cartridge  assi  timi  walls 


of  tht  blut  holt,  cAlltd  tht  rtdial  for  thort,  c«n  Ittd  to  atttnuation  of  charft 
dttonttion,  tvtn  whllt  tht  ctrtridgts  htvt  nomtl  dtton&tlon  tbility  in  «ir  «nd  trt 
inttrttd  in  tht  biMt  holt  tnd  to  tnd,  without  dust  plug.  This  phtncMtnon  wtt  | 

i 

invfstigtttd  by  S.  I.  RudtkoTtkiy  (1938),  k.  Tt.  Ptrtvtrttv  tnd  A.  A.  Il'yuthin 
(1947),  tnd  L.  V.  Dubnov  (1954). 

Stvtrtl  hypothttts  trt  offtrtd  to  tsqpltin  tht  atehtnin  of  this  phtnotttnon. 

Most  probtblt  ctutt  of  ttttnuttion  of  dttonttion  consists  in  tht  ftct  thtt  products 
of  txplotion,  bting  proptgtttd  in  tht  gtp  with  t  spttd  txcttdlng  thtt  of  dttonttion, 
ptck  tht  txplosivt  thttd  of  tht  dttonttion  wtvt  front. 

For  tht  invtstigttions  dtscribtd  btlow  wt  tpplitd  Pobtditt  PU-2  fron  tht  lot 
ustd  in  tht  prtctding  txptrisMints  tnd  Aatonitt  No.  8  froa  t  new  lot,  which  tppttrtd 
soatiditt  better  thtn  the  fonwr  (disttnct  of  trtnsnission  of  detonation  by  sttndtrd 
Methodology,  but  with  10  repeated  tests  per  point,  was  4  cm  for  cartridges  32  sas  in 
diaaster  tnd  5  cm  for  36  wm  cartridges;  for  the  former  lot  it  was  3  cm  for  a 
diameter  of  36  sn). 

ISxptrimtnts  were  conducted  in  steel  pipes  with  internal  diameters  of  39  ms  for 
32  m  cartridges  and  44.5  nm  for  36  an  cartridges,  i.e.,  the  radial  gaps  were 
selected  as  near  as  possible  to  those  existing  in  production.  Thickness  of  walls 
of  pipe  was  3  sai.  A  cliarge  of  Azononite  constituted  three  cartridges,  and  a  char^ 
of  Pobedite  four.  The  cartridges  were  disposed  end  to  end  in  the  pipe.  From  side 
of  the  striker  stemming  was  not  used;  the  opposite  end  of  the  pipe  was,  in  most  cases, 
packed  cm  with  a  mixture  of  sand  and  clay  or  placed  on  a  massive  stt^el 

barrier.  The  results  of  the  tests  are  shown  in  Table  4. 

The  data  in  Table  4  show  that  even  by  itself,  without  ccetplicating  circum¬ 
stances,  the  radial  gap  can  lead  to  incoc^lete  charge  detonation  of  Ammonite 

- . ~ 

As  ma  shown  by  the  experiments,  this  stemming  had  no  Influence  on  the 
frequency  of  refusals. 


And  Pobedit*  of  a(»wl  quality. 


Tftble  4 

InccaKplete  detonation  of  exploelve  chargee  in  eteel  pipee  in  the 

presence  of  a  radial  gap 
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-aBreakoffs  of  detonation  in  charges  of  Aononite  No.  8  occurred  most  frequent^ 
at  the  third  cartridge  (soaetuses  even  at  the  end  of  the  second),  but  in  chargee  of 
^  Pobedits  PU-2  —  only  at  the  fourth  cartridge. 

I)  S]q>lo8ive;  2)  Dlaaeter  of  cartridges,  am;  3)  Nueber  of  esmerlaentei  4)  liuNber 
^  of  full  detcmations;  5)  Number  of  incomplete  detonations*;  6)  %  ineoni^ete  de~ 
tonations;  7)  Aomtonite  No.  8  (3  cartridges);  8)  Pobedite  PU~2  (4  cartridges). 

1 

Prom  Table  4  it  also  follows  that  the  appearance  of  ineceq;>lete  detonation 
charge  depends  on  the  properties  of  the  e3q>loeive,  the  diameter  of  the  eartirdges 
and  the  length  of  the  charge.  Amnonite  No.  8  gives  inco^>lete  detonations 
significantly  more  frequently  than  Pobedite  FU'*2.  For  Doth  explosives  a  decrease 
in  cartridge  diameter  leads  to  an  increase  in  the  probability  of  breakoff  of 
detonation. 

It  is  especially  important  to  note  that  the  probability  of  breakoff  of 
detonation  increases  with  an  increase  in  charge  length*  If  charges  of  Aasonite  No. 
8  were  to  consist  of  two  cartridges,  the  cases  of  incGsq>lete  detonation  would  be 
significantly  more  rare,  because  the  majority  of  breakoffs  for  that  exploelve 
occurred  at  the  third  cartridge.  But  if  charges  of  Pobedite  ]PU~2  were  amde  up  of 
not  four,  but  three  cartridges,  the  cases  of  incomplete  detonation  for  it  in 


general  would  not  be  fixed.  This  corresponds  to  practical  data,  where  the  ovi|r- 

of  / 

whelming  majority /ciSes  of  tnccaaplete  detonation  occur  during  the  application  of 


long  charts  (for  example,  in  sinkirg  work). 


In  our  «xporijMinti(  inccnpluto  dttonation  occurrtd  Bor«  frtqiMntlj 

than  undar  juroduotion  conditions,  this  Mans  that  the  considered  phcncMnon  is 
strongly  affected  by  the  conditions  of  the  esqperiMntie 

For  more  detailed  clarification  of  the  Mchanisa  of  breakoff  of  detonation  m 
conducted  several  series  of  experlMnts. 

With  the  help  of  an  SPR  instruMnt  in  the  regiM  of  a  Mgnifier  of  tiM 
(fraast  photography)  m  photographed  the  process  of  detonation  of  an  explosive 
charge  in  steel  pipes  in  the  presence  of  a  radial  gap  (Fig.  4).  A  pipe  >dth  an 
internal  disMter  of  39  m  was  dispe^ed  horixontally.  Along  the  upper  sixl  lower 
generatrices  *  of  the  pipe  we  drilled  apertures  4  ms  in  disMter.  A  charge  of 
AMonite  No.  8^32  m  in  diawiter  mis  disposed  inside  the  pipe  with  a  radial  gap 
adjoining  the  lower  row  of  apertures.  Thezrefore  in  tlM  lower  apertures  the  gases 
begin  to  escape  only  after  passage  of  the  detonation  wave.  The  advancing  flow  of 
gases,  being  »oved  along  the  gap,  is  detected  with  the  help  of  the  upper  row  of 
aperturev^. 

The  pipe,  pasted  with  paper  with  black  stripes  against  the  apertures,  was 

photographed  to  explosion  on  all  fraaes  and  served  thus  as  a  scale  and  reference 

point.  During  explosion  the  exposure  rate  was  150, CXX)  frsMs/sec.  In  Fig.  4  are 
only  / 

8hown/4  franes ,  selected  with  intervals  40  sicrosec.  The  distance  between  adjacent 
stripes  on  the  pipe  was  2  cu.  The  speed  of  the  front  of  escaping  flow  of  explosion 
products  in  the  gap  was, in  the  laean,  3500  e/sec,  and  the  speed  of  detonation  —  2700 
n/sec.  In  Fig.  4  it  is  clear  how  leading  increases  from  8  cm  on  the  first  f rains  to 
18  on  ths  fourth.  This  fast  flow  of  gases  possesses  high  pressure  and  can  cooipact 
the  explosive  ahead  of  the  detonation  wave.  With  such  compacting  there  is  not  only 
an  increase  in  the  density  of  the  explosive,  but  also  a  decrease  in  the  diameter  of 
the  cartridge. 

It  is  known  that  for  a  mixture  of  explosives  with  an  increase  in  charge  density 
the  detonation  ability  is  lowered  (critical  diameter  iA  increased).  Therefore 


iuring  compacting  of  cartridges  by  the  advancing  flosr  of  gasaa  thair  diaamtar  can 
bacoM  lass  than  tha  critical  and  detonation  id31  die  out.  rhia  it  obaarvad  in  our 
•xpariaants  and  in  real  conditions  for  industrial  axploaivas,  vrA  also  much  more 
frequently  for  those  explosives  whose  critical  diaamter  is  larger  and  increases 
|«ore  quickly  with  density.  Just  these  properties  distinguish  ibatonite  No.  8  as 
icewparad  to  Pobedite  PlJ-2.  By  the  sane  token  refusals  occur  more  frequently  during 
use  of  explosives  of  lowsred  quality  (by  amnufacture  or  froa  aK>istaning,  soaking, 
matting),  since  the  lowering  of  expletive  quality  increases  its  critical  disaster. 


‘‘C  '•  ••  .t)  .  a*) 


Fig.  4.  Detonation  of  charge  in  pipe  with  gap.  (Aaaonite  No.  8: 
diameter  of  cartridges  32  ran,  charge  of  three  cartridges),  1  —  charge J 
2  —  steel  pipe;  3  —  sand;  4  —  plasticine;  5  —  »one  of  coapacting; 

6  —  front  of  gas  stream;  7  —  products  of  detonation  inaida  pipe;  a) 
microsec.  First  frame  is  taken  50—60  microcec  after  triggering  of  charge. 


The  packing  of  the  charge  by  the  pressure  of  gases, moved  in  the  gap,  carries 
a  dynamic  character,  sine®  it  is  accomplished  after  small  intervals  of  time. 
Therefore  the  degree  of  packing  of  charge  obtainable  to  the  moment  of  the  approach 
of  the  detonation  wave  depends  not  only  on  the  pressure  of  gases,  but  also  on  the 


tim  of  tlHiir  ftction,  l.«.  on  the  aegnitude  of  leeding*  This  e:}q>lains 
the  increase  in  probability  of  refusals  with  an  increase  in  the  charge  lengthy 
since  with  this  leading  is  increased. 

A  large  role  is  played  by  the  uagnitvide  of  the  gap.  Vith  a  very  large  gap 
(in  liait  —  in  the  open  air)  the  leading  flow  cannot  be  created,  since  gases  can 
freely  expand  to  all  sides*  With  a  very  snail  gap  (in  limit  —  without  gap)  the 
leading  flow  aeets  too  great  a  reaietance  and  cannot  considerably  outstrip  the 
detonation  wave.  Obviously,  there  exists  a  certain  nost  dangerous  magnitude  of 
gap,  with  iMch  the  phenoasnon  of  leading  is  most  sharply  expressed;  charges  which 
detonate  faultlessly  in  the  opsn  air  and  even  more  so  in  a  pipe  without  a  gap  give 
a  great  percentage  of  refusals  with  this  "dangerous"  magnitude  of  gap. 

In  this  work  we  did  attempt  to  establish  the  most  dangerous  magnitiuies  of  gaps, 
but  investigated  only  the  magnitudes  near  to  those  obsei’ved  in  production.  However, 
the  fact  that  in  our  experiments  the  frequency  of  refusals  was  significantly 
higher  than  in  production  speaks  of  the  great  rigidity  of  conditions  of  laboratory 
experiments.  This  is  explained  ly  the  fact  that  the  pipe  in  which  the  experiments 
were  conducted  gives  a  straight  gap  with  smooth  walls,  but  in  real  blast  holes  the 
walls  are  winding.  This  sharply  increases  resistance  to  the  movement  of  gases  along 
the  gap  and  decreases  the  possibility  of  lead’ng.  Thus,  a  blast  hole  with  uneven 
walls  is  equivalent  in  this  respect  to  a  pipe  with  a  smaller  radial  gap. 

Ws  set  up  a  series  of  experiments  for  checking  the  above  cone iderat ions  on 
the  mschanisK  of  the  appearance  of  refusals  with  a  radial  gap.  If  these  consider¬ 
ations  are  correct,  the  presence  of  a  gap  should  not  only  not  disrupt,  but 
shouiUi  even  help  the  passage  of  detonation  in  charges  of  explosives  whose  critical 
diameter  during  an  increase  in  density  does  not  grow,  but  decreases.  These  include 
trotyl,  hexogen,  picric  acid,  PETN,  and  so  forth.  Vfe  conducted  experiments  with 
trotyl  of  a  density  of  1  g/crn^.  The  diagram  of  these  experiments  is  presented  in 
Fig.  5.  In  the  open  air  charges  of  trotyl  8  ma  in  diameter  faultlessly  detonated. 


but  with  a  iiuMtar  of  6  nr  dotonation  dlad  out,  i.a.,  tha  critical  diawtar  with 
this  danaity  waa  aqual  apprcodauntaly  to  m.  In  dvtraluidn  pipa  with  intarnal 
diaaitar  of  11.?  and  axtarnaX  diaaatar  of  16  nr  datonatad  ehargas  S  nr  in  diiNatar 
^  and  50  ea  X<^  datonatad  fauXtlassly.  Than  m  pXaead  in  tha  nmm  pipa  n.  oharga 
6  NR  in  diaiaater,  i.a.,  lass  than  the  critical*  In  order  to  craata  in  tha  gap  a 
powerful  flow  of  high-prasstira  gases  tha  charge  was  triggered  an  intar- 
Mdiata  detonator  of  tha  sasia  trotyl,  but  with  a  disMtar  of  9  mi  (in  tha  aX” 
parisMints  in  tha  open  air  such  triggering  was  applied).  Oatooation  procaadad  aU 
along  a  charge  53  cn  in  length.  ExperiMnt  was  repeated  ?  tiNsa  with  this  result, 
which  indicates  the  presence  of  compacting  of  the  exploeive  by  leading  gates. 


Fig,  5.  Diagram  of  experiaents  on  the  detonation  of  a  charge  of 
powdery  trotyl  at  a  diaaieter  less  than  the  critical:  a)  in  the 
open  air,  b)  in  a  pipe.  1  —  eleetrodetonatorj  2  --  additional 
detonator  of  trotyl  9  MR  in  diaaeter  and  40  nr  long,  with  a  density 
of  1,0  g/csr;  3  —  cartridges  of  trotyl  •—  disMter  6  nr,  length 
290  NR  each,  density  1.0  g/cm-^j  4  —  cardboard  strip;  5  —  steel 
slab;  6  —  duralumin  pipe  with  internal  diasNter  of  11.7  and  wall 
thickness  of  2.2  im. 

Johansson  /~9j7  arrived  at  analogous  conclueione,  independently  of  us;  in  1958 
in  Sweden  he  investigated  the  influence  of  a  radial  gap  on  the  detowition  of 
SNRonium  gelatin  dynamite. 

Let  us  consider  now  the  combination  of  a  radial  gap  with  dust  plugs  between 
the  cartridges.  In  production  such  a  combination  is  possibla,  sines  the  rule  about 
inserting  cartridges  in  a  blast  hole  as  a  solid  column  is  not  always  followed  — 
in  fact,  is  not  &lmyB  realisable.  Besides,  a  sa&H  plug  om  be  formed  between  ^ 


cartridges  »rtn  during  observance  of  this  rule, 

Ws  sav  (saa  Pig.  3)  that  avwn  a  snail  plug  strongly  delays  the  propagation  of 
the  detonation  wave  and  increases  its  lag  fron  the  leading  flow  of  gases,  redoubling 
the  harmful  influence  of  the  gap.  Therefore  we  conducted  experiments  to  study  the 
joint  action  of  the  plug  and  the  radial  gap.  As  material  for  the  plug  we  used  sand. 
In  Pig.  6  is  presented  the  diagram  of  these  experiments.  Pobedite  F(l~2  in 
cartridges  36  an  in  diameter  with  a  plug  of  2  cm  gave  10^  refusals,  but  with  a  plug 
of  3  <2m  refusals  were  massive.  Aamonite  No.  S  in  cartridges  3^  bu  in  diaowter  even 
with  plugs  of  0.5 — 1  cm  gave  11  refusals  in  15  experiments. 


/ 


■1. 


Fig.  6.  Diagram  of  experiments  to  study  the  joint  action  of  a  plug 
between  cartridges  and  a  radial  gap  on  the  passage  of  detonation: 
a)  with  reflecting  surface;  b)  without  reflecting  surface;  c)  with 
partitions  in  radial  gap;  1  —  plug,  2  —  radial  gap,  3  —  re¬ 
flecting  surface,  4  —  partition  of  insulating  tape. 

Light  transverse  walls  (of  wound  braid  of  insulating  tape),  by  blocking  a 

section  of  radial  gap  destroyed  the  harmful  influence  of  the  gap:  Pobedite  PU-2 

32  and  36  RBB  in  diameter  detonated  faultlessly  with  plugs  4  in  thickness  while 

without  these  crosspieces  such  a  plug  lea  to  lOO^S  refiujals.  This  indicates  that 


it  is  sufficient  to  crush  in  the  blast  hole  at  least  only  an  end  of  every  cartridge 
in  order  to  liquidate  the  harmful  influence  of  the  radial  gap  on  the  cixapletenass 


of  detonation. 


Combination  of  a  radijil  gap  (if  this  gap  is  not  very  great)  with  incomplete 
insertion,  obviously,  should  not  strongly  worsen  the  transmission  of  detonation  os 


eoapirtd  to  incc«i^lst«  insertion  without  &  gap,  since  the  leading  flow  of  gaaat, 
being  abruptly  expanded  in  the  air  gap  between  cartridgee,  weakens  and  flcwe  to* 
gather  with  the  aain  aass  of  detonation  products  aoving  froia  the  face  of  the 
active  cartridge,  life  were  convinced  the  sxperiaents  that  in  the  presence  of  a 
radial  gap,  the  distance  of  tranamission  of  detonation  through  the  air  gap  is  not 
decreased* 

Thus,  Pobedits  PU-2  32  m  in  diamter  in  a  pipe  with  an  ;lntemal  diasMiter  of 
39  an,  faultlessly  transmits  detonation  through  an  air  gap  of  43  cm,  but  Aanonite 
No.  8^36  mm  in  diameter  in  a  pipe  with  an  internal  diameter  of  44*5  am  —  14  cm 
(cf.  Table  1). 

Thus,  vm  analysed  the  Influence  of  the  radial  gap  on  the  detonation  ability  of 
blast  hole  charge.  Nb  proved  th&t  the  radial  gap  presenta  the  main  danger  with  re* 
spect  to  the  appearance  of  incoiaplete  detonation,  leading  ordinarily  to  the  burn¬ 
out  of  charge.  Plugs  especially  strengthen  the  harmful  action  of  the  gap  and  are 
vi9ry  probable  under  the  conditions/our  coal  mtnes.  The  simplest  and  at  the  same 
time  most  active  zMasure  of  struggle  with  the  harmful  inflxience  of  the  radial  gap 
is  its  elimination  by  jaeans  of  notching  the  shells  of  cartridges  and  crushing  them 
in  the  blast  hole  with  a  racaaer.  Such  a  method  of  loading  should  be  adopted  in 
sinking  work,  beca\we  there  most  frequently  is  observed  incomplete  detonation,  and 
also  because  crushing  of  cartridges  incireases  effectiveness  of  drilling  and  blasting 
works  during  driving  fkj-  The  action  of  a  rule  requiring  insertion  of  cartridges 
in  the  blast  hole  as  a  solid  column  and  not  to  disturb  their  entirety,  contravenes 
the  adoption  of  notching  and  crushing  of  cartridges  and  therefore  should  be  modified. 

With  the  adoption  of  crushing  it  is  necessary  simultaneously  to  take  masures 
to  make  all  explosives  waterproof  and  resistant  to  deterioration  in  storage;  this 
can  be  attained  by  means  of  clianglng  the  ccsaposition  of  explosives  and  improving 
their  sealing. 

In  drifts  where  short  charges  are  applied  the  iirflusne®  of  ths  radial  gap  is 


•Mil  and  crushing  of  eartridgss  is  insat^Midisnt,  all  ths  laors  so  bseauss  it  Kill, 
hy  inersasinf  brisancs  of  ssqjlosion,  lead  to  undssirabls  sxicsssivK  breaking  up  of 
ths  coal. 


On  ths  Detonation  Ability  of  Blast  Hole  Charges  of  Pressed  Rock 

A«aonite  No.  1 

hh-th  the  adoption  in  the  adning  industry  of  ths  poNerful,  dangerous  explosive 
pressed  rock  AsBK>nits  No.  1  eases  of  its  ineanplste  detonaticm  in  blast  holes  were 
detected.  In  connection  with  this  the  Joint  CoMKlttes  on  Explosives  of  the  Institute 
of  Mining  Affairs  of  ths  Academy  of  Sciences  of  ths  USSR  in  1953  sent  to  WGI  a 
request  to  investigate  the  cause  of  this  phenoMnon. 

For  the  tests  rock  AsMonite  No.  1  nas  delivered  in  cartridges  36  an  in 
disaster,  neighing  250  g.  Every  cartridge  consisted  of  two  charges  with  a  density 
of  1.45  g/ca?t  located  in  paper  eases  with  subsequent  paraffining.  Brisancs  of 
this  explosive  at  a  density  of  1.0  g/cw?  equals  20  an,  and  its  efficiency  —  450 
cbP. 

As  was  already  indicated,*  for  the  nining  industry,  where  drill  boring  is 

applied,  the  possibility  of  fomation  of  plugs  in  blast  holes  is  not  characteristic* 

In  connection  with  high-density  explosives  it  was  difficult  also  to  expect  over- 

compaeting  of  its  explosion  products  outdistancing  the  detonation  front  in  the 

radial  gap.  This  was  confimsd  in  laboratory  conditions:  in  steel  pipes  with  an 

intsmal  diaaeter  of  44.5  m  tl^iere  were  no  cases  of  burnout  of  detonation  in  charges 

of  rock  Aancmite  No.  1  coi^}osed  of  four  cartridges. 

of  / 

Therefore  the  cause/Incaiiplete  explosions  aust  be  connected  with  the  posei-> 
bility  of  inca^lete  insertion  of  cartridges  in  cosdaination  with  reverse  initiation. 

In  ::^;iiiiBg  indMiry  fire  /"fusej^  detonations  are  widely  used.  In  order  to 

avoid  cutoff  of  the  fuse  by  explosions  of  blast  holes  of  the  preceding  serlee,  a 

strikw^  is  inserted  in  the  blast  holt  in  a  nunber  of  the  first  cartridges,  Nlth 

wHeh/  air/ 

this  out  can  oreate  conditions  .with/partof  charge  ie  initiated  through  the/gap  m 


1)  GcMiiloM  of  initiation!  2)  dlstsno®  of  ^nltl®ss  trans^slcm  of 

d®to$mticn»  «i!^!  3)  fh^ongh  airi  4)  in  th®  opon  air}  5)  in  a  pd^!  6) 
sm^i  7)  In  o^n  air;  3)  in  a  pip®}  9)  Diraot;  10) 

Frm  f&hJM  5  it  follmm  that  in  tt^  of  initiation  in  a  pipi  idth 


tb&n  will  Pdrndit#  HI-2,  and  through  an  air  gap  in  a  pip®  —  several  tisss  worse, 

i 

This ,  e^n  ps^rful  Aasoaito  with  high  detonation  jK'opertiea  under  blast-hoi® 
coraiitions  yields  by  a  series  of  ijaportant  indices  to  low-percentage  nitroglycerins 

i 

expletives,  which  have  a  significantly  sj^^llar  capacity.  This  gives  still  another 

« 

exsssple  of  th®  fact  that  standard  tests  of  transmission  of  detonation  in  the  open 
air  do  not  reflect,  the  bshavior  of  explosives  in  blast  holes. 

1 

Prelijsinary  Check  of  Laboratory  Investigations  by  Mine  Tests  j 

In  the  course  of  the  fulfillment  of  the  program  of  industrial  tests  of  new  < 

explosives  in  passing  and  on  a  limited  scale  a  check  was  made  of  the  influence  i 

of  crushing  of  cartridges  on  the  frequency  of  cases  of  incci^lete  detonation. 

In  the  "Southsm*'  jaine  of  the  “Rutchankovugol"  trust  (Donets  Basin)  in  July  —  j 
August  1958  during  th®  driving  of  a  cross-cut  coaperativo  tasis  were  conducted  of  a 
new  explosive,  lidiich  ms  first  called  S-3>  and  given  the  persnanent  xmm  Amonite  i 

P2hV-20.  : 

E-3  is  a  highly  protective  explosive  whose  manufacture  and  test  were  proposed  i 

by  VUGI.  In  coaqjosition  it  ma  siMlar  to  th®  English  "Unigex"  /~8j7o  Hot 
having  a  safety  shell,  E-3  does  not  ignite  i^thane  by  o;^ned  charges  up  to  300  g  in  < 
weight.  Such  high  safety  properties  are  attained  by  aaians  of  replaces^nt  of 
amoniusi  nitrate  KO^)  and  sodium  chloride,  which  ar®  usually  applied  in  safety 
Soviet  explosives  by  exchange  salts:  sodium  nitrate  (NaHO^)  and  chlorid®  of  amonivs& 

(HH^  Cl).  During  eiqjloslve  reaction  ti^re  occurs  cation  exchange  and  will  emanate 
chlorine  sodium  is  separated  in  a  highly  dispersed  state  with  great  eji^cific  surfac®, 
which  sharply  increases  tiw  effect  of  flash.  In  this  my  it  is  possible,  with  th® 
a®@®  safety,  to  attain  higher  energy  cf  an  explosive  with  ©xchango  salts,  than  in 
an  ®xplc®iv@  wi.th  &  flash  ®xt.ingui8h®r  (HaCi)  introduced  into  composition  in 
prepared  fom. 

Replacssssnt  of  ordirjsry  cc^onenta  by  ©xchang®  salts  eteultansously  practically 


h^grosoopicity,  b«eftus«  ompomnts  h&w  hygr(^@opieity  sM  do  not  ds- 
torlcsr&to.  Aft®?  i^surohous®  stor&g®  for  a  y®^  sueh  an  asplosiv®  had  not  d9t®ri(S^t« 
®4  and  rataii^d  nomil  quality. 

Bssid$s,  new  e^losiv®  is  highly  watosrproofp  sacral  tiamB  rnsim  so  tMa 
P2!h?-20p  Aa»onit®  V-3  or  imirndte  Ho*  6  ZhV.  This  wag  attaiz^  by  tl^  introduetion 
into  its  eceposition  not  only  of  stsar&t®  of  oaleiuesp  but  also  sodiuas-oarbosysithyl 
osllulos®  aiKi  kaolin.  Sodiusa-oarbosiynsthyl  eollul<»e®  tdll  si»ll  very  fast  in  mtsrp 
and  ths  eartridg®  will  bet  covered  by  a  amcous  saas,  stopping  the  of  i^tar 

inside  ths  oartridg®.  Kaolin  will  swsU  slcnrer,  but  tt»n  It  sBkes  a  sore  eonsietent 
gel;  with  this  ala  it  is  introduced. 

To  a@sur®  high  detonation  ability p  into  the  ocssposition  of  Er-3  was  Introduoed 
about  15%  of  slightly  go  latinised  nitroglyoerins  (Icw^fTaesing  adscture).  As  a 
result  the  explosive  obtained  the  structure  of  a  fatp  heavy  powder  with  a  density 
of  1.25  g/cB?.  Cartridges  were  easily  crushed  in  blast  holesp  fining  th®  whole 
section.  With  respect  to  transportation  and  storaga  the  new  explosive  falls p  as 

Pobedits p  into  the  class  of  Aa^oaite. 

Fj~3  gives  pressing  of  lead  coXissns  of  not  more  than  7 — 7.5  m  aisi  has  an 
efficdency  of  about  185  However,  because  of  tho  increased  density  of  ths 

explosive  and  crushing  of  cartridgss  there  was  attained  a  concentration  of 
energy  unit  of  volxme  of  blast  hole,  ^ch  alloi^  to  preserve  specific  ex¬ 
penditure  of  drilling  on  the  level  as  for  PZh?-20p  ^.ch  poosesses  a  hi^r 
efficiency  than  B-3  (PZhV-20  was  applied  without  crushing  of  oartrid^®). 

Haring  laboratory  tests  E-3  in  cartridges  36  M  in  di®K>t@r  traisiitt^  d®- 
iormtion  in  th®  open  air  only  for  3  cm,  i.@.,  cl(^  to  th®  least  iiaiic®®  of 
Aconite  Ho.  8.  In  presence  of  a  r^iial  gap  cimr^s  of  B-3  in  stc^l  pij^s 
gave  attonuati«n)  of  detoamtion  on  3  and  k  cartridges.  Hc^v©r,  in  atenc®  of  a 


if  S'- 


rsdiftl  g»p  this  sxplosiv®  fsultlsssly  tran«d.tt@d  detonation  in  steel  pipes  through 
a  sand  plug  of  4*5  <s&f  i.e.«  significantly  better  than  Amonite  Mo.  8  and  cl<m  to 
Pol^dito  PU-»2.  Ife  ccmsidered  that  g-3  will  datorat©  ><^11  in  blast  holes  with 
crushing  of  cartridges. 

In  the  cro3s«*cut  of  the  ssine  E-3  was  tested  only  in  the  fora  of  notched  and 
crushed  cartridges  inserted  in  blast  holes  one  one.  Ajsaonite  P<£hV-20  ms  tested 
as  ^ole  cartridges  inserted  in  blast  holes  according  to  the  effective  rules  of  a 
solid  column, and  also  in  two  cycles  with  application  of  notching  and  crushing  of 
cartridges.  Drilling  of  blast  holes  was  by  electric  drill,  a«l  since  no  special 
sseasures  for  their  purification  were  undertaken,  they  were  obstructed  by  bore  seal. 
The  data  of  these  tests  are  given  in  Table  6. 

Table  6 

Results  of  Mine  Tests  of  Amaonite  PZhV-20  and  Ejq>losivo  E~3  in 

Different  Conditions  of  Loading 


Ij  ^  H  ycsoeiu  aapfUKamifl 

^iKOAM^eCTBO 
'  830p6<iHHUX 

1  omypoB 

^1  s^wie«t9*®w*«w 

Myvseo 

hcisoahoA 

actoiuumh 

WAsti(H<MT  n)KB-20 

^fblTpOUU  UCAbie,  AOCUJIKa  KOAOH»}fi 

123 

5 

ViAsuosHT  nMCE-20 

^QnaTpOMU  paSAaSAMBSAHCk  H  AOCWiaAHCb 

no  oAHouy 

48 

0 

Tern  3<3 

4^naTpouu  pasASSSMBaxHCb  h  xocuAaAHCb 
no  ojuoMy 

112 

0 

l)  Explosive  ai^  condition  of  loading;  2)  Rumber  of  deto^mted  blast  holes;  3) 
Muaber  of  cases  of  incosaplet®  detonation;  4)  Ansaonit®  PZhV'"20;  5)  Cartridges 

whole,  inserted  as  a  column;  6)  Cartridges  crusiwd  and  inserted  on®  by  om;  7) 
Explosive  S-3* 

Thus,  Amonite  PZhV~20  with  the  accepted  raining  technology  of  explosive  work 

-ol7 

and  thorough  fulfilJtont/rulBs  gave  one  inccxaplete  detonation  in  every  25  detonated 
blast  holes.  With  the  introducti<m  of  crushing  the  s®®s  Assnonit®  gave  not  on®  case 
of  inccmplet©  detonation  in  48  detonated  blast  holes.  £-3  in  112  detonated  blast 
holes  also  did  not  give  one  case  of  inc<®^let®  detonation,  although  its  daloimtional 
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ability,  by  stat^erd  ssthodology,  is  Icm*  tssts  6cmfii»sd  the 

QonQlvmiom  of  laboratory  iirreotigatlonsi  hoofer  they  ^r®  e^ueted  oa  a  lifted 
seal®,  &M  to  dr&u  final  eonolasicns  from  thsa  ^lUd  bs 


Main  Conclusions 

1.  Chio  of  the  main  causes  of  incce^plst®  detonation  of  blast- hols  chm’ges  in 
coal  isirass  is  tbs  prosonc®  of  a  radial  or  latsral  g&p  b&tm®n  eartrid^s  and  the 
%%ll8  of  the  blast  hols.  Products  of  siq^losion,  baing  moved  aloi^  thia  gap,l^ad 
the  detonation  front  and  compact  the  explosive  ahead  of  it,  ^dtich  can,  in  the 
process  of  expl<^ion,  lead  to  loss  of  detoi^tion  ability  of  the  charge* 

2.  Harmful  influence  of  radial  gap  is  especially  atrengtbemd  during  its 
combination  idth  even  &  small  plug  of  bore  meal,  #iich  sharply  delays  transaission 
of  detonation  betiA^en  cartridges  and  thereby  expedites  the  o'rsrcompacting  of  the 
explosive  /the  "leading  flow  of  gases.  The  coabinati«m  of  a  radial  gap  with  m^ll 
plugs  (1 — 2  cm)  should  be  considered  the  main  cause  of  high  frequency  of  incos^lst® 
detonations  of  not  only  safety  Asssonite,  but  also  Pobedit®,  in  the  coal  industry. 

3.  The  main  directions  of  the  struggle  with  incosaplet®  detonation  of  charges 
in  blast  holes  should  be  the  following: 

a)  removal  of  radial  gap  between  lateral  sturface  of  cartridges  axKi  >^118  of 
blast  hole,  which  can  at  present  be  realised  by  the  :^option  of  the  known  is®th<xi  of 
notching  and  crushing  of  cartridges  during  their  insertion  in  the  blast  hoi®,  sssd 
in  th®  future  by  th®  develo|sa®nt  and  adoption  of  mchanical  asthoda  of  loading 


blast  holes ; 

b)  improviM^nt  of  purification  of  blast  holes  of  bor®  tosI,  sines  whll@  th© 
removal  of  th®  radial  gap  lowers  th®  harmful  inflt;®nc®  of  plugs,  it  d<^8  not  ©asl^ 
it; 

c)  improv®»nt  of  detonation  properties  of  mfoty  ®spl<^iv©0,  ©spooially  with 
respect  to  inclination  to  ovsrccssp&cting,  and  ©apport  of  profsrvation  of  mpXmim 


quality  in  the  proceet  of  tranaportation^  storife  and  use. 

4*  The  investigatione  proved  the  urMioundneaa  of  appraising  the  detcmation 
properties  of  escploeives  in  blast  holes  on  the  basis  of  results  of  tests  of 
transaission  of  detonation  in  the  open  air.  For  correct  appraisal  it  is  necessary 
to  use  tests  of  the  type  described  in  the  article. 
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33.  Concerning  the  Question  of  Factors  Determining  the  Possibility 
of  Burning«>out  of  SxDlosives  in  Blast  Holes 


The  question  about  the  causes  and  possibilities  of  preventing  buming-out  of 
explosive  charges  in  blast  holes  is  at  present  one  of  the  JUDSt  pointed  problems  ' 
of  providing  safety  for  explosive  operations  in  coal  mines. 

The  appearance  of  burning  of  an  explosive  charge  is  undesirable  for  many 

I 

reasons. 


In  the  first  place,  it  creates  the  danger  of  a  delayed  explosion,  since 
burning  for  a  certain  length  of  time  can  change  into  an  explosion.  A  demolition 
expert,  after  returning  to  the  site,  can  be  stunned  by  this  explosion.  Secondly, 
during  burning  will  be  formed  much  more  poisonous  gases  (NO  and  CO),  than  at 
detonation,  which  may  cau^e  poisoning  of  the  workers  in  the  mine.  In  the  third 
place,  if  instead  of  an  explosion,  burning-out  occurs,  then  the  eijqplosive  does 
not  do  the  job  that  it  should  perform.  Fourth;  for  coal  mines  especially,  burning 
an  explosive  is  much  easier  than  its  explosion,  and  it  ignites  a  methane'-air 
mixture  or  coal  dust. 

During  explosive  operations,  detonation  of  charges  is  set  off  by  e3q)lo8ion 
of  the  percussion  cap-detonator ,  Buming-out  with  this  can  appear  only  in  a 
case,  if  at  least  part  of  the  charge  is  not  detonated. 

The  main  property  of  an  explosive,  determining  the  possibility  of  failure  of; 
explosion,  is  its  detonation  ability,  the  characteristics  of  »d>ich  are  the 
critical  diameter  of  detonation  end  the  ability  to  traasiait  the  latter  to  ^ 

I 

distance.  -  J 


J 

The  possibility  of  bum^g-out  of  the  failing  charge,  smturally,  dep^ds  on 


the  ability  of  the  eaqplosive  to  burn,  vrtiich  can  be  characterized,  for  example,  by 
the  critical  diameter  of  burning. 

Both  shovfli  characteristics  can  considerably  depend  on  the  density  of  the 
explosive.  Also,  for  ammonites,  including  ananonites  vdth  small  contents  of 
nitro  esters,  the  detonation  ability  ivith  an  increase  of  density  is  decreased, 
the  ability  to  burn,  as  a  rule,  increases  /fl_7*  Consequently,  from  the  point  of 
vievr  of  the  possibility  of  buraing-out,  an  increase  of  density  is  doubly 
undesirable. 

Packing  an  explosive  under  the  conditions  of  explosive  operations  can  be 
done  in  various  vrays:  the  substance  can  be  compressed  during  loading  of  the 
blast  hole;  it  can  he  consolidated  also  with  the  gaseous  products  of  detonation, 
surpassing  the  detonation  v/ave  in  the  presence  of  a  certain  gap  between  the  'v^alls 
of  the  blast  hole  and  the  charge  (channel  effect  ^)j  packing  can  be  done  as  a 
result  of  the  action  of  the  shock  wave  from  the  explosion  of  the  neighboring 
blast  hole,  which  is  possible  in  a  briefly-delayed  explosion,  and  even  vdth 
simultaneous  damage  of  a  number  of  blast  holes  due  to  the  scattering  in  time  of 
the  operation  of  electrical  detonators. 

It  is  obvious  that  the  influence  of  pressure  in  a  given  action  should 
considerably  depend  on  the  compressibility,  which  can  be  characterized  by  the 
dependence  of  density  on  the  pressure  of  pressing. 

Thus,  three  main  factors  determine  the  possibility  of  burning-out  of  a  charge 

ability/ 

in  normal  conditions  of  carrying  out  explosive  operations  —  the  detonation/of  the 
explosive,  its  ability  to  burn  and  the  dependence  of  these  abilities  on  the 
changes  of  the  substance  possible  in  explosive  operations, 

■^In  light  of  latest  investigations  one  should  note  that  packing  of  a  charge 
is  not  the  only  factor  determining  attenuation  of  detonation  as  a  result  of  the 
channel  effect. 


This  investigation  v/as  also  devoted  to  determination  of  the  shown  dependencies 
for  two  industrial  explosives  on  a  base  of  ansmoniusi  nitrate  •—  safety  anE^nite 
FZhV-20,  consisting  of  anmionium  nitrate  (64^),  trotyl  (l6^)  and  sodium  chloride 
(20^),  and  Pobedit  VP«»1,  containing  9^  liquid  nitro  esters  (diglycoldinitrate  and 
nitroglycerine) . 

Determination  of  compressibility  was  done  on  a  mechanical  press.  A  lOg 
suspension  of  the  explosive  was  compressed  in  a  glass  tube  21.2  m  in  diameter  by 
a  metallic  punch  21,1  ram  in  diameter,  and  transferred  with  constant  low  speed 
(25  naVmin),  Density  was  calculated  by  the  curve,  recorded  by  a  recording 
instniment  and  showing  the  change  of  height  of  the  of  the  pressed  eoqplosive 

with  pressure. 

In  Fig,  1  is  shown  the  dependence  of  density  of  charge  (J)  on  the  pressure 
of  pressing  (p)  for  both  explosives.  We  see  that  the  compressibility  of  Pobedit, 
containing  liquid  nitro  esters  and  moistening  powders,  is  much  higher  than 
ammonite,  which  does  not  contain  liquid  components,  even  with  the  absence  in  it 
of  fibrous  additions,  which  obstruct  packing. 


Fig,  1,  Dependence  of  density  on  pressure  of  pressing  for  safety 
aramonite  PZhV-20  and  Pobedit  VP-1,  a)|g/cm3j  b)  VP-lj  c)  PZhV-20j  d)  p  kg/cm^* 

Determination  of  the  detonation  ability  was  done  in  two  series  of  esqfwimmts. 
In  the  first  of  th®n  an  explosive  charge  was  introduced  into  a  paper  conical  case 
with  a  wall  thickness  of  0.17  mm,  length  approximately  25  —  30  cm,  in  one  case 
without  packing  (average  density  of  PZhV-20  is  1,02  —  1,C^  VP-1, 


0.73  ””  0c84  g/cs?)  and  in  the  other  with  packing  by  a  textolite  punch  manually 
to  the  density  most  attainable  with  this  (for  PZhV-20  it  was  1,23  —  1*26  g/crt? , 
for  VP-1  it  was  1.48  —  1,54  g/cm^).  Damage  of  the  obtained  charges^  on  steel 
plates  showed  that  in  charges  of  sniall  density  the  detonation  was  stopped  at 
near  diameters  for  both  explosives  (6,5  —  6,7  mm  for  PZhV-20  and  5.8  *—  5*9  mm 
for  VP-l)j  with  tight  filling  of  the  paper  case,  detonation  was  stopped  for  PZhV- 
20  at  a  diameter  of  8.3  —  8.5  mm,  for  Pobedit  —  at  a  much  larger  diameter  (20  — 
26  mm)^. 

In  order  to  more  accurately  determine  the  dependence  of  critical  diameter  of 
detonation  (dcd)  on  density,  the  experiments  were  repeated,  and  cylindrical 
telescopic  charges  were  applied  in  glass  tubes,  widened  on  the  initiated  end. 
Charges  were  exploded  on  brass  plates  and  the  passage  of  the  detonation  was 
judged  by  its  imprint. 

In  Fig.  2  are  the  results  of  these  experiments.  In  Fig,  3  they  are  shown 
in  comparison  with  data  on  critical  diameter  of  biirning  (d^t))  C^J *  As  an 
argument  in  Fig.  3  on  the  axis  of  abscissas  is  the  pressure  of  pressing. 

VJe  see  that  main  advantage  of  Pobedit,  which  is  attained  by  introduction  in 
its  composition  of  sensitizing  nitro  esters  and  including  an  increased  detonational 
ability,  is  real  only  in  that  case,  if  the  possibility  of  its  packing  is  excluded. 


AS  the  initiator,  as  in  practical  conditions,  an  ED-8-56  electrical 
detonator  mercury  fulminate-tetryl  was  used. 

2The  sample  of  VP-1,  with  which  the  e.^erimonts  were  conducted,  v;as  prepared 
earlier  from  a  sample  of  PZhV-20,  although  it  yi&s  within  the  limits  of  a  guaran¬ 
teed  period  of  storage.  In  order  t,  explain  whether  the  strong -dependence  of  the 
detonation  ability  of  Pobedit  on  density  is  connected  with  its  increased  ability 
to  age,  the  experiments  were  repeated  vrith  samples  freshly-prepared  in  the 
laboratory.  Critical  diameter  of  the  detonation  was  somevdiat  less,  but  as 
before  much  stronger,  than  for  PZhV-20,  and  depended  on  density  and  especially 
on  the  pressiire  of  pressing. 


If,  however,  as  this  usually  occurs  under  the  conditions  of  practical 
application,  such  packing  occurs,  then  the  increased  compressibility  can  easily 
lead  to  no  advantage  of  Pobedit  and  it  will  behave  with  respect  to  the  possibility 
of  failures  and  especially  burning-out  even  vrorse,  than  the  conventional  safety 
ammonites  vdthout  sensitizers,  for  eaoimple  ammonite  PZhV-20,  the  composition  of 
;diich,  incidentally,  by  no  means  is  impossible  to  consider  rational. 


Fig,  2.  Dependence  of  critical 
diameter  of  detonation  on  density  for 
safety  ammonite  PZhV-20  and  Pobedit 
VP-1. 

l)  «+  detonation;  2)  o-  failure, 
a)  dcd  mm;  b)  VP-1;  c)  PZhV-20; 
d)  *  g/cm 


Fig.  3»  Dependence  of  critical  diam^/cers 
of  detonation  and  burning  on  pressure  of 
pressing  for  safety  ammonite  PZhV-20  and 
Pobedit  VP-1. 

a)  dc  mm;  b)  dcd;  c)  deb;  d)  dedj 
e)  deb;  f}  PZhV-20;  g)  VP-1; 
h)  p  kg/cm'^ 

Indeed,  only  at  a  filled  density 


Curves  of  Fig,  2  illustrate  these  relationships. 

(less  than  1  g/cn^)  the  critical  diameter  of  detonation  of  Pobedit  is  somewhat 


less  than  for  PZhV-20.  Upon  packing  it  increases,  hovfever,  faster  than  for 
PZhV-20,  and  even  at  a  density  of  1,2  g/crn3  becomes  greater  than  the  critical 
diameter  of  detonation  of  PZhV-20, 


From  vdiat  has  been  said,  the  ways  of  eliminating  the  established  deficiencies 
are  also  clear;  here  we  note  two  of  them:  the  introduction  into  Pobedit  (in  a 
sufficient  quantity  corresponding  to  liquid  vont«nt)  of  substances  which  obstruct; 
packing  and  the  replacement  of  liquid  sensitizers  with  solid  ones  ClJ , 
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34.  Self^iaaitioa  of  Ljcwid  Explosive  Mixtures 

Investigations  of  self>-ignition  (flash)  of  wq^loeives  are  conducted,  as  a  rul^> 
vdth  individual  ejEplosive  compounds  £‘lJ*  In  the  given  work  certain  results  of 
investigaticai  of  fla^  of  liquid  explosive  mixtures  are  presented. 

Ignition  of  systems  of  such  a  t;^  is  usually  studied  in  reference  to  ctedi» 
tions  of  b^lming  in  liquid-fuel  rocket  engines,  tdiere  corresponding  liquids  are 
mixed  and  are  ignited  in  the  form  of  the  smallest  drops  •  In  our  : 

work  we  investigated  the  self-ignition  of  mixtures  in  the  form  of  compa>  li^^uid  ^ 
charges  Besides  the  interest  that  such  an  investigation  presents  for  the 
solution  of  cert^  applied  problems,  it  allows  also  to  expand  presentations  on 
the  mechaniffitt  of  self-ignition  of  eaqjlosives  in  general. 


Experimental  Part 

Self-ignition  of  tiquid  {fixtures  of  Tetranitromethane  litith 

CTganic  Aadnws 

As  is  known  during  the  mixing  in  the  usual  conditions  of  tetraaitro- 
methane  with  many  liquid  organic  amines  self-ignition  occurs,  W<9  studied  IMs 

( 

phenoi[B»n<m  for  five  amines;  aniline,  o-toluidine,  extraline  (mixture  of  aniline, 
mono-  and  dimethyl  aniline),  xylldine  (technical  mixture  of  ieoaers)  and  triet- 

* 

hylamine,  Ne  Investigated  in  the  most  detail  mixtures  with  aniline,  for  tMoh  the  > 
delay  of  self-ignition  at  room  teaparature  cemstitutes  several  tens  of  seconds.  1 


A  significant  part  of  the  exj^rimsats  were 
Scientific  Research  ©istitute  of  Drilling  Tea' 

S.  A,  Lovl*,  N.  I,  Koslova,  and  G\  V,  Dii^,  to 
gratitude.  _  *■  ,  j  .. 
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carried  out  in  the  All-Unl^^ _  i 

with  th®  p^rtieij^tion  of  ~ 
|ih@  sutiMS?  expresses  slacw® — i 
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A»  wfts  showa  by  eap«pia»nt#,  iihoa#  deseription  let  oait  tor  brevity,  the 

tiia#  of  Bftitutl  disselwtioft  of  eoB^xaaonts  of  «  given  mixture  in  the  ueuel  cooditione 
of  cur  experinenta  (pouring  of  tetranitramethene  into  a  vessel  with  aniline)  c<»^> 
stitutes  only  an  inaignifieant  fraction  of  the  liKiucticoi  period. 

In  part  of  the  experiments  the  delay  of  self-ignition  was  determined  with  the 
help  of  an  inductosseter  with  a  i^otocell,  whose  diagram  is  shown  in  Fig.  1«  A 
definite  quantity  of  amine  was  placed  in  a  crucible  fixed  in  the  instrument  so 
that  the  beam  of  li|^t  from  the  illuminator  passed  above  level  of  liquid  and 
struck  the  photocell.  During  pouring  of  tetranitromethane  into  the  crucible, 
the  streami  crossed  the  beam  of  light  and  by  decreaeing  the  illumination  of  the 
photocell  caused  a  change  in  the  photocurrent  registered  on  the  oscillogram.  The 
moment  of  ignitiwa  was  fixed  on  the  same  oscillogram  by  the  jump  in  the  photo¬ 
current,  caused  Iqr  the  glow  of  the  flame.  In  another  part  of  the  experiments, 
when  the  induction  period  vas  conqjaratively  great,  the  delay  time  was  determined 
by  visual  observation  with  a  stop  watch. 


Fig.  1,  Diagram  of  inductomoter. 

1)  crucible  with  fuel}  2)  test-tube  with  ooddizerj 
3)  illuminator j  4)  photocell. 


fhe  d«lB7  ^  Mlf«ignition  depends  osi  the  conoentretioh  of  ecoponi^s  in  the 
conapositlon  of  the  odJct^n‘e•  The  character  of  this  dependence  is  seen  in  Fig*  Z, 
if^ere  results  presented  of  experissmts  >dth  a  sdxture  of  tetranitrosaethane 
and  aniline  at  15~~17°j  the  general  volune  of  sdxture  resMdned  constant  at  3*5  lal* 
As  cm  be  seen  fron  the  graph,  in  the  area  of  adxtures  with  a  negative  osgrgtn 
balance,  the  induction  period  changes  coo^parativeljr  weakly  with  coi^sitionc 
Analogous  results  were  obtained  in  experiaaents  with  sgrlidine  and  o-toluidine» 


Fig.  2.  Dependence  off*bce^daitio(S■cf'■3e2liy~(^C^^^ 
.-.otbiixture  of  tetranltrooethane  and  aniline. 


1) Lower  and  3)upper  concentration  lioits  of  8elf->lgnitlan; 

2) stoichicHaetric  composition!  +  —ignition!  —  — flaB»e~ 

less  deccmpositicai. 

a)  Delay  time  in  sec!  b)  cc»icentration  of  aniline  in 
mixture  in  vol  %, 


In  connection  with  this,  in  the  majority  subsequent  experixaents  we  worked  with 
mixtures  having  a  certain  surplus  of  fuel  against  stoiohlosMrtry,  md  for  different 
amines  applied  constant  volumes  of  fuel  (1  ml.)  and  osdLdiaer  (2.5  ol.}.  Thus  we  , 
assured  constancy  of  conditions  of  mixing,  >diich  in  the  given-  interval  of  con¬ 
centrations  have  a  stronger  influence  cm  del^  time  than  tsoaH  oscliUticm  of 
molecular  cocp^sition.  The  results  of  ^erin^nts  conducted  in  the  described 

3  ■  -j 

conditions  with  4  amines  are  presented  in  Table  1. 


Table  1 

Delay  of  self-ignition  of  binary  mixtures  of  tetranitromethane 
(2.5  al«)  with  amines  (1  ml.) 


1)  Amine;  2)  Number  of  experiments;  3)  Delay  time,  sec;  U) 
T«B^rature  of  experiment,  ®C;  5)  Aniline;  6)  o-toluidine; 
7)  Xylidine;  8)  Triethylaraine. 


From  investigation  of  the  flash  of  the  usual  explosives  we  know  the  influence 
of  the  mss  of  the  heated  substance  on  the  minimum  temperature  of  self-ignition. 
Small  san^les  are  decoo^osed  without  ignition  at  temperatures,  at  liiich  large  ones 
are  ignited.  Usually  such  phenomena  are  explained,  solely  on  the  basis  of  thermal 
presentation,  by  the  fact  that  with  an  increase  in  the  saji?>le  the  speed  of  heat 
emission,  proportional  to  the  volume  of  substance,  grows  faster  than  the  speed  of 
heat  loss,  proportional  to  its  surface. 

We  observed  an  influence  of  mass  for  the  spontaneously  inflanmable  mixtxires 
considered  here.  In  definite  conditions,  ignition  of  a  mixture  of  aniline  and 
tetranitromethane  of  constant  ccanposition  occurred  only  in  that  case,  vfhen  its 
general  quantity  exceeded  1.2  ml.  In  other  experiments,  also  with  constant  com¬ 
position  of  the  mixture,  we  noted  a  small  reduction  in  the  delay  time  with  an 
increase  in  the  general  mass  of  the  liquid  explosive. 

It  would  have  been  possible  to  think  that  in  a  given  case  the  influence  of 
mass  would  be  stipulated  only  bj  the  relative  change  in  the  speed  of  heat  emission 
and  heat  loss  with  a  change  in  the  q^iantity  of  mixture,  Exj^iments  with  mixtures 
of  aniline  and  tetranitr(X£©thane  showed,  however  that  tkenml  processes  alone 
cannot  explain  the  mechaniem  of  the  considered  phencmienon.  We  will  list 
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th9  follovring  characteristic  data  frcm  this  serial  of  esqperisiKits. 

Equal  quantities  of  i&dxture  at  a  constant  relaticnahip  of  the  voluiaes  of  fuel 
and  oxidizer  (l  :  2.5)  were  obtained  in  two  vessels  of  identical  disensicns.  Om 
of  the  vessels  was  glass  ai»i  was  located  during  the  experioent  in  air,  and  the 
other  was  of  steel  and  was  located  in  energetioaHjr  etisred  water  at  the  same 
teinperature.  In  spite  of  essential  distincticxis  in  the  conditions  of  heat  loss, 
the  ndnliman  quantity  of  Bdxture  with  which  at  least  in  one  of  five  parallel  ex- 
periaisnts  self-ignition  appears,  and  also  the  duraticsi  of  the  Induction  period, 
were  identical  in  both  vessels. 

The  isiniiaum  height  of  the  layer  of  jsixture  with  idiich  iipiition  is  still 
possible  is  practically  constant.  Thus,  in  aluminum  flasks  with  diameters  of 
8  to  28  m,  at  room  temperature,  the  mlnlTwam  hei|^t  of  layer  of  mixture  with  which 
ignition  still  appears,  was  identical  and  equal  to  2  mm  Thus  the  minimum 
volume  of  liquid  mixture  with  vMch  self-ignition  is  still  observed  a  constant 
initial  temperature  increases  with  the  square  of  the  diameter. 

Further,  wo  prepared  1,2  ml,  of  the  mixture  in  glass  vessels  whose  form  and 
dimensions  are  shown  in  Fig,  3.  With  this  there  wwe  no  ignitions  in  open  vessel 
2,  but  in  semiclosed  vessel  1  they  appeared  rtgilMKLy.With  a  ohaxige  in  subsequent 
experiments  of  the  magnitude  of  the  charge  it  was  shown  that  in  the  sesiiclosed 
vessels  the  minimum  quantity  of  mixture  with  which  ignition  still  appears  is, 
other  conditions  being  equal,  2—4  times  less  than  in  open  vessela.  Thus,  here 
was  observed  an  essential  distinction  in  the  conditions  for  the  appearance  of 
flash  with  very  close  conditions  of  heat  loss. 


^  In  the  absence  of  self-ignitioa,  at  a  shco!^  tin®  after  mixing  of  th®  • 
components  fXamlese  decca^sition  appears;  the  cdxtur®  to  boil,  there  is 

stora^f  emmtim  of  gAs,  of  the  liquid  is  atemised,  mi  the  remiMer  • 
obtains  a  tarry  consistency. 
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Flg»  3.  Qlasa  vessels  for  esqserinients  on  seXf~ignition 
of  a  mixture  of  tetranitrcmethane  and  aniline, 

1)  semiclosedj  2)  open. 

To  study  thermal  phenomena  in  the  course  of  the  induction  period,  in  sub¬ 
sequent  experiments  on  the  inductometer  shown  in  Fig.  1  we  introduced  into  the 
crucible  .the  junction  of  a  low-inertia  thermocouple.  In  some  of  a  series  of 
parallel  e:q>eriments  the  thermocouple  junction  was  placed  near  from  bottom  of  the 
crucible,  so  that  after  the  pouring  of  the  oxidizer  it  was  in  the  liquid.  In 
other  experiments  the  junction  was  at  a  height  of  3 — 7  ma  above  the  level  of  the 
liquid  mixture  in  the  crucible.  Changes  in  theeaf  in  the  given  case  vjere  recorded 
through  an  amplifier  on  the  same  oscillogram  as  was  used  for  changes  in  the  photo- 
.current.  One  such  oscillogram  is  shown  in  Fig.  4* 

In  the  process  of  investigation  it  was  desirable  to  register  changes  in  the 
teii5>erature  in  the  liquid  and  in  the  vapor  over  it  in  one  and  the  same  e3q)eriment. 
In  connection  with  the  fact  that  in  our  setup  there  was  only  one  amplifier  of 
thermal  emf,  some  of  the  parallel  ejqjeriments  were  conducted  with  differential 
thermocouples,  one  junction  of  ^ich  was  placed  in  liquid  mixture,  and  the  other 
—above  it. 

As  a  result  of  a  largo  lumber  of  experiments  it  was  established  that  for  the 
entire  induction  period,  the  temperature  of  the  liquid  remains  practically  constant 
and  equal  to  the  initial  tenperature  of  the  components  of  the  mixture,  A  pract¬ 
ically  cold  mixture  is  ignited  and  then  bums.  Just  befcxre  the  actual  ignition, 
and  sometimes  eve  after  it,  the  thermocouple  located  in  the  liquid  starts  to 
mark  a  vraak  and  relatively  slow  wano-up.  With  the  studied  amines,  the  laaxiam 


wixitt^up  to  the  wmiBi  of  appeax-aaice  of  thtm  nayked  the  thenoocouple  %diose 
junction  was  located  in  the  li«p^d  did  not  exceed  15®>  and  in  the  Jaijority  of  the 
experiiaents  v^s  lees  than  10^. 

Fast  warm-up  of  gases  <xr  vapor  over  the  liquid  precedes  i^itioci  in  €□!.  caeeB» 
In  the  gas  |^se  the  rise  of  temp/erature  occurred  with  &  speed  of  the  carder  of 
many  hundreds  of  degrees  per  second.  Our  system  of  recording  was  too  inertial  and 
therefore  the  aaxiiaam  tenperature  registered  by  it  up  to  the  nKiaent  of  appearance 
of  flame  did  not  exceed  several  tens  of  degrees.  In  all  eaperiaents  with  diff¬ 
erential  thermocouples,  before  ignition  m  noted  a  fast  relative  wamj-up  of  the 
junction  located  above  the  liquid. 


Fig.  4*  Sample  of  oscillogram  during  investigation  of 
self-ignition  of  liquid  esqplosive  mixtures, 

l)  time  scale  (curve  of  standard  frequency )?  2)  curve 
of  change  of  photocurrent |  3)  curve  of  change  in 
thexml-emfj  4)  sero  line|  5)  moment  of  pouring 
of  (nddizer,  6)  moment  of  appearance  of  flame. 

We  will  note  one  More  inportant  observation;  for  all  investig&tea  Bdxtures 

self-ignition  is  preceded  by  'boiling”,  during  which  mmi&ting  gases  or  vapors 
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seize  extr^iaely  aaall  drops  of  liquid.  Above  the  liquid  there  appears  a  unique  5 
kind  of  “siKjk©".  This  ^lencsasnon  is  clearly  established  on  the  oscillograiBS  by  | 

I 

the  decrease  in  photocurrent  before  ignition  and  is  easily  observed  visually  In 
cases  of  aixtures  with  a  large  delay  times,  but  in  those  with  small  delay,  by  high-  ’ 
speed  filming.  Intense  gas  generation  starts,  as  a  rule,  in  the  very  end  of  the 
induction  period. 

It  was  assuBwd  that  the  main  process  proceeding  during  a  significant  part  of 
the  induction  period  is  a  thermoneutral  or  weakly  exothermal  reaction  of  the 
amine  with  the  oxidiaer,  leading  to  the  formation  of  a  condensed,  ccanparatively 
stable  intermediate  product.  Subsequent  stages  of  the  process  wi,ll  proceed  with 
a  speed  sufficient  for  self-ignition  only  vdien  the  concentration  of  this  inter¬ 
mediate  product  attains  a  certain  limit.  This  assunqjtion  was  confirmed  by  the 
following  simple  experiments. 

1.  At  constant  conditions  we  prepared  3,5  ml  of  mltture  by  two  methods;  at 
first  we  poured  in  the  vessel  a  small  part  of  the  con^jonents  ^  (0,32  ml,  of 
aniline  and  0,8  ml,  tetranitromethane),  and  after  a  certain  time  (called  in  the 
futiupe  the  hold  time),  the  remainder, 

V/ith  an  increase  in  the  hold  time  to  a  certain  limit,  the  delay  of  self¬ 
ignition,  counted  frcsn  racment  of  pouring  of  the  main  mass  of  the  mixture,  was 
noticeably  reduced,  Res\ilts  of  these  experiments  are  presented  in  Table  2. 

Analogous  experiments  with  different  relationships  of  the  voltimes  of  the  first 
and  second  portions  of  the  mixture  showed  that  the  delay  of  self-ignition  at 
identical  hold  times  is  reduced  more,  the  greater  is  the  first  portion,  i.e.  the, 
higher  is  the  concentration  of  intem^diate  products  in  the  mixture. 

2.  To  a  significant  volume  of  amine  (20 — 50  ml.),  diurijog  energetic  stirring, 
we  introduced  by  drops  a  small  quantity  tetranitromethane  (O.QA^ — 0,10  moles  per 

^In  the  given  conditions  such  a  small  quantity  of  mixture  is  incapable  of 
self-ignition. 
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Htductioc  in  delay  of  self-ignition  es  a  result  of 
prellsdnery  storage  of  intersiadiate  products 
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1)  Hold  time,  sec;  2)  Average  delay  time  of 
self-ignition  in  sec, 

mole  of  amine).  As  a  result  of  the  reaction  occurring  blackening  of  the  amine 
was  obs'jrved.  With  such  blackened  amine  wo  conducted  further  experiments  cm  self- 
ignition  at  the  usual  relationship  of  volumes  of  fuel  and  coddiier  (1  :  2.5)* 

The  results  of  the  experiments  are  presented  in  Table  3»  As  can  be  seen  from 
this  table,  in  a  mixture  containing  a  surplus  of  amine,  the  intermediate  product 
is  fully  stable. 

For  explosive  chemical  conqjounds  the  fact  has  long  been  established  that  here 
is  a  decrease  of  delay  of  flash  with  a  growth  of  temperature.  An  analogous  phen¬ 
omenon  is  observed  for  spontaneously  inflaianable  liquid  mixtures.  To  judge  the 
character  of  this  dependence  in  the  last  case  with  sufficient  accuracy  is  diffi¬ 
cult,  since  we  could  investigate  on  the  exanq^le  of  mixtures  of  tetranitromethane 
with  anilines  only  in  a  vary  narrow  interval  of  temperatures.  Below  14®  tatranit- 
romethane  hardens,  while  temperatures  higher  than  60®  the  delay  of  self-ignitioi 
is  reduced  so  much  that  the  time  of  mixing  of  components  in  our  instruosnt  ccm- 
stitutes  a  significant  part  of  it. 

If  W8  consider  that  the  dependence  of  delay  tin®  of  self-ignition  on  tegip- 
erature  has  in  the  given  case  the  same  form  as  that  for  other  studied  syst^ss, 
then  effective  activation  energy  is  about  12  kcal/®oi®» 
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Table  3 


Change  of  delay  of  seif-ignition  vdth  addition  of 
intermediate  products 
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1)  Name  of  amine;  2)  Tetranitronethane  introduced, 
in  ml  per  100  ml  of  amine;  3)  Delay  of  self-igni- 
tion  in  sec;  4)  Interval  of  time  from  preparation 
of  solution  of  intermediate  products  to  determin¬ 
ation  of  delay  of  self-ignition;  5)  Aniline;  6) 
o-toluidine;  7)  None;  8)  days;  9)  To  60  min. 

A  series  of  experiments  vdth  a  mixture  of  tetranitromethane  and  aniline  was 
conducted  at  various  compositions  of  the  atmosphere  over  the  liquid.  It  was  found 
that,  other  conditions  being  equal,  the  average  delay  time  of  self -ignition  in 
atmospheres  of  air,  nitrogen,  and  carbon  dioxide  constituted  431^.  »nd 

sec,  respectively. 


Self-igni tion  of  Liqxdd  Mixtures  Based  on 
Concentrated  Nitric  Acid 

Je  studied,  by  the  methodology  described  in  the  preceding  section,  self¬ 
ignition  appearing  during  the  mixing  of  concentrated  nitric  acid  with  certain 
aminet  (aniline,  toluidine,  xylidine),  phenols  (resorcin,  pyrocatechin)  and  un¬ 
saturated  compounds  (solutions  of  divinylacetylene  in  xylene,  styrene  in  gasoline, 
tri'/inj'lglycerine,  etc.).  Almost  all  the  investigated  mixtures  are  self-igniting 
at  orainary  temperatures,  with  delay  iMasured  in  fractions  of  a  second.  In  such 


^8t3is9  ddlay  tiae  is  deterniined  in  significant  aaasxire  conditions  of  mixing 
of  ccmgjonsnts  >  &!] *  ®^®P  ^2*i<»^2y  on  thd  main  general 

regularities  established  for  self-ignition  of  different  fuels  with  nitric  acid. 

Just  as  for  mixTwures  \d.th  tetranitromsthane,  a  8tr<aigly  eocothermal  reaction, 
leading  to  self-ignition  also  in  the  case  of  nitric  acid  appears  in  the  gas  phase. 
This  is  confirmed  both  by  our  recordings  of  themal  emf  with  different  locations 
of  thermocouple  junctions  and  by  data  of  high-speed  filming  and  other  investiga¬ 
tions 

In  contrast  to  that  which  was  observed  for  mixtures  based  on  tetranitramsthane, 
frcsn  the  moment  of  mixing  of  concentrated  nitric  acid  and  a  reactive  fuel  there 
appears  in  the  condensed  phase  an  exothermal  reaction  and  the  temperature  of 
liquid  rises  rapidly. 

During  the  short  inductioxi  period  a  thermocouple  located  in  the  liquid  shows 
an  approximately  constant  temperature  of  SO  to  130®,  depending  upon  the  type  of 
fuel  and  the  composition  of  the  mixture,  vath  this  there  occurs  not  only  gas 
formation,  due  to  the  flow  of  the  chemical  reaction  between  th3  fuel  and  the 

und 

oxidizer,  but  also  boiling.  It  is  this  boiling  vdiich  limits,  apparently,  the 
maximum  ten^rature  of  the  liquid,  which  remain  •  apprccdmately  the  same  after 
ignition  up  to  the  racaaent  when  the  flame  front  approaches  the  junction  of  the 
thermocouple.  Thus,  in  the  case  of  mixtures  with  nitric  acid  the  soqjlosiv©  tdiich 
is  ignited  and  bums  is  heated  to  the  boiling  point  by  the  heat  of  the  primary 
stages  of  the  reacticu. 

Flash  of  Liquid  Explosive  HJjctures  of  Tetranitr««s8than@ 

With  Organic  Fuels  During  Heating 

Tetranitromethane  well  dissolves  different  organic  liquids  aad  with  mny 
ne, 

frcsn  them  vdll  form  solutions,  which  ar®  stable,  at  least  in  small  quantities, 
ng 

at  ordinary  ten^ratures. 
h 

Many  of  the  experiments  on  the  flash  of  liquid  eaqpiosiv®  laixtures  during 
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heating  were  conducted  in  the  following  iJonditions.  A  massive  brass  block  was 
heated  with  the  help  of  an  electric  furnace.  In  the  block  we  drilled  4  socKets 
20  wfl  in  diameter,  filled  with  V/ood  alloy.  In  one  of  the  sockets  we  embedded  a 
thermometer,  and  in  the  remaining  ones  we  placed  glass  test-tubes  15—17  ram  in 
diameter  subn©rged  in  the  allc^  to  half  their  length.  After  we  established  the 
given  tengjerature  for  each  experiment,  we  introduced  into  the  test-tube  by  pipette 
about  0.1  g  (0,06—0.08  ml,)  of  the  investigated  :nixture.  In  the  experiments  we 
established  the  presence  or  absence  of  flash,  its  character,  and  the  interval  of 
time  from  the  introduction  of  the  liquid  into  the  test-tube  to  flash. 

The  utLxtxires  we  tested  are  highly  volatile  substances,  and  therefore  in  small 
qusaitities  they  gave  flash  only  at  a  relatively  high  temperature.  At  lower 
ten^eratiires  there  occurs  only  fast  evaporation  of  the  mixture,  sometimes  with 
noticeable  decoeqjosition.  Not  one  of  the  mlxtui'es  studied  flashed  in  these 
conditions  at  a  tei:q)erature  lower  than  160‘’ 

For  the  same  reason  (fast  evaporation  of  a  small  sanq)le)  we  did  not  observe 
flash  with  a  delay  of  more  than  10  sec.  If  in  this  time  flash  did  not  occur, 
then  it  could  not  appear  subsequently,  since  the  mnall  quantity  of  mixture  had 
been  volatiaed, 

_ 

In  Table  4  are  presented  results  of  the  investigation  of  18  binary  mixtures 
of  tetranitromethane  with  different  liquid  fuels.  We  conditionally  called  the 
minimum  temperature  of  metallic  block  at  which  ignition  occmred  with  a  delay  of 
not  more  than  5  sec,  "temperature  of  flash".  In  this  table  are  given  for  certain 
mixtures  the  tenqwratures  of  "beginning  of  boiling"*  deteradned  by  the  method  of 
M,  11.  Sivclobov  and  the  •«^ue  of  the  mass  burning  rat#^  this  tenqjeratur®, 

calculated  by  extrapolation  of  data  obtained  in  the  range  20—70®.  For  all 
mixtures  ccn^ositions  neai*  to  aero  osiygen  balance  were  tested. 

With  an  increase  in  the  quantity  of  her.Led  substance,  the  t<9i£?>0rature  of 
flash  AS  lofwered  noticeably.  Thus,  in  a  quantity  of  about  0.1  ml,  a  mixtisre  of 
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tad  ch&rAetttr  of  fluh  of  binArjr  adbcfeu?«8 
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(Cooditl^Ukl  desigo&tiona  in  colunti  of  fXftnh":  l»>eoundIo88 

ignition;  Z-^tlAt&i  with  iMstling  sound;  >-»flAsh  with  "clap’*; 
4~-flah6  with  strong  "clap*';  5<>’~txplo8ioa  with  splitting  of  test* 

tube) 
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1)  Designation  of  fuel;  2)  Ten^wr^ture  of  flash,  ®C;  3)  Teog^rature  of 
beginning  of  boiling  of  oixture,  <’C;  4)  Mass  burning  rate  at  temperature  • 
of  bogiiming  of  boiling,  g/cm^  sec;  5)  Character  of  flaifo;  6)  Benaene 
head;  7)  Styrene;  8)  ?urfurole;  9)  Trivinylglycerine;  10)  Tractor  ker¬ 
osene;  11)  Benaaidehyde|  12)  Gaeoline  6-70;  13)  Solar  oil;  14)  Ethanol; 

15)  Lubricating  oil;  16)  Fraction  of  gasoline  B-70>  boill^  up  to 
100®;  1?)  Xylene  (ndxfcure  of  ieosaers);  18)  Groai^  gasoline,  straig^it- 
run;  19)  Mononitroaethane;  20)T61uene;  21)  Nitrobiraaenej  22)  Dichl<a> 

ethane;  23)  Benaene* 

tetranitromethane  snd  benaene  flashes  only  at  a  stoi^  teaperattn*®  higher  than 

500®,  During  boiling  of  25  ml  of  a  mixture  of  the  same  cca^sitlon  (t®m|)eratu2re 

of  liquid  not  higher  thai*  130®)  thrmigh  3—5  rain  w®  observed  flash,  in  th®  Jssjosity 
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X, 

.  **  9TUP 


7// 


experjyiasnts  ending  in  escplosion*  The  connection  of  t«nper&tnre  of  flash  and  joass 
of  heated  substance  was  clearly  noticeably  also  on  the  example  of  a  ^dxt^^re  of 
tetranitroaethane  with  a  light  fraction  of  pyrolysis  of  oil,  the  so-called  ben¬ 
zene  head,  contodning  significant  quantities  of  unsaturated  hydrocarbons.  Such 
a  mixture  of  a  composition  near  to  zero  caygen  balance,  taken  for  experiments  in 
a  quantity  of  0,05  njl,  ignited  at  190®}  the  same  mixture  in  a  quantity  a  little 
exceeding  1  ml,  is  self-ignited  at  40 — 45 °J  if  we  prepare  simultaneously  more  than 
20  ml  of  this  mixture,  then  its  ignition  sets  in  already  at  15—18®, 

\h  conducted  a  further  series  of  experiments  with  trinary  mixtures.  As  ox¬ 
idizer  in  them  we  applied,  as  before,  tetranitromethane,  but  as  the  fuel  — a  mix¬ 
ture  of  benzene  and  styrene.  The  relationship  of  fuel  and  ccddizer  in  all  exper¬ 
iments  was  maintained  near  to  zero  oxygen  balance,  but  we  changed  the  composition 
of  the  fuel  from  experiment  to  experiment,  increasing  the  content  of  styrene. 


Fig,  5»  Dependence  of  temperature  of  flash  and  biuming  rate  of 
the  trinary  mixture  tetranitrcanethane — benezene  —styrene  on  the 

composition  of  the  fuel, 

1— ten^wrature  of  flash,  2 — burning  rate  (points  show  experiments 
in  vrfiich  flash  had  the  character  of  explosion). _ 
a)  Temperature  of  flash  in  ®C}  b)  Burning  rate  in  g/cnr  secj  c) 
Benzene;  d)  Styrene;  e)  Composition  of  fuel  in  vol  %» 


B«8Ult8  qS  the  i9qperjjM»nt8  ftre  presented  in  Fig*  5*  Frcn  the  graph  it  is  clear 
that  the  introduction  into  l^e  ot  the  fuel  of  a  vez7  eaall  quantiti^ 

of  etyrene  (0*7— 1.0  vol  %)  causes  louring  of  tea^jerature  of  flash  by  apprcsc- 
iaately  200®  j  a  further  increase  in  the  content  of  styrene  causes  only  a  relative¬ 
ly  sloir  fall.  With  an  increase  in  the  content  of  styrene  in  the  fuel  the  bumiag  . 
rata  also  grofvm,  first  sl<Mly  and  then  faster  |  siasoltaneoasly  the  intensity  of 
flash  is  strengthened.  Analogous  results  i«erc  obtained  in  experiiaents  with  a 
trinary  sdxture  of  tetranitroiasthane— beniene — fraction  of  gaeoli]»  of  pyrolysis 
(bensene  head). 

For  binary  ndxtures  of  tetranitrcxaethane  with  furfurole,  aononitrobensene, 
mononitraasth»ie,  or  ncylene  we  investigated  the  dependence  of  flash  teisperature 
on  ths  relationship  of  the  quantities  of  fuel  and  oxidiier  in  the  coa^sition  of 
the  mixture.  The  biggest  distinction  in  flash  tesqperature  was  observed  in  the 
i^stem  tetranitroowthene— mcmonitrocethane,  where  at  a  sere  ooqrgen  balance  flash 
appears  at  435^;  but  in  a  mixture  with  a  large  surplus  of  cQddiser«~at  330®.  For 
other  mixtures  the  change  in  the  flash  textqMrature  with  ca^ctosition  did  not  ex¬ 
ceed  30®  for  all  intervals  of  concentration  8tudied-v‘(oogrgen  balance  frean  jainus 
40  to  i^us  30).  In  all  studied  mixtures  the  mlnInHffi  of  the  curve  "flash  temper¬ 
ature — composition"  appeared  in  the  same  region  of  concentrations  as  the  maximum 
of  the  curve  "burning  rate — coogjosition". 

Discussion  of  Hesults 

Let  us  c<Misider  first  the  results  obtained  during  the  study  of  self-ignition 
of  mixtures  of  tetranitromethane  and  amine.  It  was  experimentally  establi^ed 
that  up  to  the  moment  of  ignition,  wam>up  in  the  condensed  phase  is  vezy  small. 

I 

Even  after  Ignition,  the  temperator®  of  the  liquid,  up  to  the  sioeaent  idien  the  , 
trmt  of  burning  apiaroaches  the  junction  of  the  thermocouj^e,  resmins  near  to  the  | 
initial  t^^rature  of  the  cemp^ments  of  the  mixture.  experii^ntsUy 
measured  "pre^eo^losion  warm~u|>"  of  the  liquid  was'lebs  ^aat  calculated  by 
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the  theory  of  thenual  ignition  ^5^  "the  caee  of  conductive  heat  transfer  and 
was  known  to  be  less  than  that  dxiring  convective  heat  exchange  in  a  liquid  stirred 
by  bubbles  of  foirmed  gases.  This  circumstance  alone  speaks  of  the  fact  that  in 
the  given  case  it  is  iD?>osaible  to  consider  that  self-ignition  appears  because  of 
thermal  self-acceleration  of  the  process^  as  it  proceeds  in  the  condensed  phase. 

Other  data  ccmfirm  this  point  of  view*  First  of  all  it  is  necessary  to  note 
the  results  of  direct  measurements  of  temperature  in  the  liquid  and  in  the  gas 
phase  over  it,  showing  that  a  fast  warm-up,  preceding  self-ignition,  appears  in  the 
gas  phase.  The  buildup  of  temperatizre  of  the  gas-vapor  mixture  directly  before 
flash  prdceeds  at  a  very  great  speed,  as  one  would  e3q>ect  from  the  theory  for 
thermal  self-ignition  in  the  gas  phase  Curves,  obtained  during  measurement 

of  the  temperature  of  the  liquid  are  considerably  distinguished  from  those  obtained 
for  gas,  not  only  in  magnitude  of  maximum  warm-up  before  ignition  or  the  position 
of  beginning  of  teugierature  rise  relative  to  the  moment  of  appearance  of  flame, 
tut  also  by  the  character  of  the  curve  "temperatTire — time".  In  the  liquid  the 
temperature  rise  during  x.he  entire  time  preceding  ignition,  and  even  for  a  cer¬ 
tain  time  after  it,  occurs  significantly  slower  than  in  the  gas. 

Very  indicative  also  are  the  results  of  experiments  in  the  two  types  of  ves¬ 
sels  shown  in  Fig,  3«  The  conditions  of  heat  exchange  of  li,quid  with  the  environ¬ 
ment  in  both  vessels  are  identical,  but  the  critical  conditions  of  self-ignition 
in  them  are  considerably  different.  These  distinctions  are  caused  by  the  peculiar¬ 
ities  of  the  flow  of  the  reactions  in  gas  phase,  completed,  by  flash. 

With  identity  of  the  conditions  of  heat  dissipation  from  the  reacting  gas  the 
speed  of  the  reaction  leading  to  ignition  and,  conseqaei  ly,  the  critical  ccmdi- 
tions  of  its  appearance,  should  be  determined  by  the  concentration  of  reactive 
gases.  In  the  considered  experiments  this  concentration  depended  on  the  relation¬ 
ship  between  the  speed  of  entering  of  corresponding  gases  (or  vapca:*8)  frcm  the 
liquid  !uid  the  speed  of  their  dilution  by  ambient  air^^  la  the  simplest  assumptitms 


the  quality  of  gases,  emanating  in  a  unit  of  tim  per  unit  of  siu’face  of  Liqiiid 
(specific  speed  of  gas  formation)  should  be  proportional  to  the  height  of  the 
liquid  layer.  Near  to  the  critical  conditions  this  concentration  was  insufficient 
for  ignition  in  an  open  vessel  of  small  height,  vdiere  there  occurs  fas^  dilution 
of  the  reactive  gases  (or  vapors)  as  a  result  of  mixing  with  ambient  air.  In  a 
semiclosed  vessel  the  conditions  for  the  formation  of  a  gaseous  (or  vapor  or  gas 
drops)  mixture  of  the  necessary  concentration  are  favorable. 

In  an  open  cylindrical  vessel  of  constant  diameter,  vdth  an  increase  in  the 
volume  of  the  prepared  mixture,  and,  correspondingly,  the  heiglit  of  its  layer,  the 
specific  speed  of  gas  formation  increases.  Starting  with  a  certain  critical 
height  of  the  liquid  layer,  this  speed  becomes  sufficiently  great  so  that,  in 
spite  of  dilution  of  emanating  gases  or  vapor  by  ambient  air,  the  concentration 

4 

of  them  necessary  for  self -ignition  could  be  created. 

At  first  glance  the  proposals  on  the  appearance  of  flash  in  the  gas  phase 
contradict  the  results  of  experiments  conducted  in  atmospheres  of  air,  oxygen,  and 
carbon  dioxide,  where  we  observed  practically  identical  delay.  Actually  there  is 
no  contradiction  here.  Delay  of  self-ignition,  constituting  for  a  mixture  of 
tetranitroraethane  and  aniline  tens  of  seconds,  is  the  sum  of  time  of  flow  of  at 
least  two  different  macroscopic  stages  of  the  process.  The  first  of  them  proceeds 
in  the  condensed  phase  and  its  duration  depends  on  the  time  of  accumulation  of 
active  intermediate  products  and  the  development  of  chemical  self-acceleration  of 
the  process  leading  to  the  formation  of  gases.  The  second  stage  is  determined  by 
the  time  for  the  creation  of  'the  necessary  concentration  of  reactive  substances 
in  the  gas  phase  and  the  thermal  self-acceleration  of  the  reaction  proceeding  here 
to  flash.  The  exposition  of  the  gas  medium,  obviously,  can  influence  only  the 
second  stage  of  the  process.  The  interval  of  time  from  the  beginning  of  gas 
liberation  to  the  appearance  of  flame  constitutes,  as  the  experiments  show,  only 
an  insignificant  fraction  of  the  total  delay  time.  It  is  clear  that  even  an 
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e.  'ntial  change  of  this  fractions  in  cwanection  with  a  change  in  the  ccc^JositiCTi 
of  the  atinosjdiere,  is  not  reflected  in  a  noticeable  form  in  the  eoqseriiaentally 
deterrdned  delay.  Additionally  one  should  note  that  the  eacptrizaents  in  atawepheres 
of  different  gases  were  conducted  under  conditions  far  from  the  critical  paraiaeters 
of  self-  Hion.  It  is  possible  to  consider  that,  for  eoGSEple  with  a  lesser 
height  of  the  liquid  inixture  layer  the  influence  of  the  conq)Osition  of  the  atmos¬ 
phere  would  be  more  strongly  developed. 

Interesting  conclusions  can  be  drawn  from  the  results  of  eaq>eriment6  carried 
out  in  various  conditions  of  heat  loss.  The  fact  that  there  is  practically  no 
change  in  the  delay  time  of  ignition  with  a  change  ix\  heat  loss  could  be  exp^Ained, 
analogously  to  the  preceding,  by  the  significant  predoml.it.tion  of  the  time  of 
isothermal  chemical  self-acceleration  over  the  duration  of  thermal  self-accelera¬ 
tion. 

The  experimants  established,  however,  that  not  only  delay,  but  also  the  crit¬ 
ical  conditions  of  ignition  (in  the  given  case,  the  minimum  mass  of  liquid  ex¬ 
plosive)  renain  constant  with  a  change  in  the  conditions  of  heat  loss.  This  con¬ 
firms  the  proposed  mechanism,  according  to  which  thermal  self -acceleration  (therm¬ 
al  explosion)  occurs  in  gases,  vapor,  or  droplet  suspensions  over  the  .liquid.  Let 
us  ramemher  that  in  some  of  the  experiments  cf  this  series  we  applied  glas:  ves¬ 
sels  surrounded  by  air,  and  in  others — steel  ones  of  like  dimensions  located  in 
water.  As  calculation  shows,  the  coefficient  of  heat-transfer  from  liquid  inside 
the  vessel  to  the  environment  changes  by  at  least  several,  tens  of  times,  while 
for  a  gas  inside  the  vessel,  this  coefficient  la  increased  with  sdch  change  of 
conditions  by  no  more  than  one  and  a  half  to  two  times.  If  a  decisive  role  is 
played  by  thermal  explosion  in  the  condensed  phase,  then  as  calculation  shows,  the 
critical  diii^nsioa  of  the  charge  should  change  considerably  with  transition  from 
a  glass  to  a  steel  vessel.  This  was  not  observed  in  the  sxporiissncs. 

In  the  case  wtien  into  the  mixture,  by  one  or  anotbor  method  vfo  introduce 
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pravioubly  prepared  intermediate  products  of  the  inter&cti<ai  of  totranitromethane 

and  aniline,  the  delay  time  of  aelf-ignition  is  sharply  reduced  (see  experiments 

in  Tables  2  and  3)»  This  shows  that  the  main  part  of  the  induction  period  is 

occupied  by  reactions  in  the  condensed  phase  leading  to  the  formation  of  active 

intermediate  products.  Ascertaining  the  mechanism  and  kinetics  of  these  reactions 

vms  the  object  of  a  special  investigation.  Here  we  will  limit  ourselves  to  only 

Taraetically/ 

indications  that  toward  the  end  of  the  induction  period  free -amine  i s/absent  in 
the  mixture.  The  self-accelerated  interaction  of  products  of  the  primary  reaction 
with  tetranitromothane  leads  later  to  the  formation  of  gases  (vapors),  which  ig¬ 
nite  when  their  concentration  attains  a  certain  limit. 
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The  self-ignition  of  liquid  explosi-e  mixtures  containing  nitric  acid  as  ox¬ 
idizer  also  appears  in  the  gas  phase.  However  in  the  course  of  the  preignition 
processes  a  clear  distinction  is  observed.  In  the  case  of  mixtures  with  nitric 

j 

acid  the  processes  proceeding  in  the  condensed  phase  are  strongly  exothermic,  in 
:  consequence  of  vrfiich  the  liquid  is  intensely  heated.  The  content  in  the  mixture 
^  of  ccmparativoly  highly  volatile  components  naturally  limits  the  maximum  warm-up 
»  of  the  liquid,  by  the  boiling  point.  In  connection  with  this,  in  gas-phase  re- 
I  actions  leading  to  self-ignition,  side  by  side  with  the  intermediate  products 
^  formed  in  the  liquid  phase,  the  vapors  of  the  parent  substances  of  the  products  of 
I  their  decomposition  can  participate  also,  VJhile  in  ‘.he  case  of  mixtures  of  tet- 
<  ranitromethane  with  amine  the  cold  liquid  was  ignited  and  subsequently  burned,  the 

i 

ignition  and  burning  of  mixtures  with  nitric  acid  occurs  vdien  the  liquid  is 

I 

I  heated  to  boiling 


^  Phenomena  proceeding  in  the  process  of  burning  will  not  be  examined  here,  Jn 
will  note  only  one  circumstance,  essential  both  for  ignition  and  for  the  sub¬ 
sequent  burning  of  an  explosive  liquid.  Tetranitromethane  readily  dissolves  liquid 
organic  fuels.  In  connection  with  this,  dxiring  significant  delays  of  self -ignition 
there  will  always  be  formed  a  homogeneous  solution.  Nitric  acid  and  the  majority 
of  liquid  fuels  do  not  possess  mutual  solubility.  Besides,  the  delay  of  self-igni¬ 
tion  for  mixtures  with  nitric  acid  is  very  small,  therefore  to  its  beginning,  as  a 
rule,  a  uniform  solution  is  not  obtained;  there  is  ignited  and  burned  in  this  case 
a  suspension  of  drops  of  one  component  in  another.  The  dimensions  of  drops,  and 
consequently,  of  the  surface  of  contact  between  reacting ^substances,  depenas  thus 
on  the  phy^cochendcal  properties  of  both  rais^cible  liquids  and  also  on  the  condi¬ 
tions  of  their  rl.'dng.  In  many  cases  it  is  the  influence  of  the  last  factor  v^ich 
determines  the  delay  time  of  self-ignition  and  the  state  of  the  burning  mixture. 

■yji _ 


The  aelC-ignition  of  liquid  explosive  mixtures  at  an  increased  temperature, 
obtained  hy  means  of  heating  them  from  an  external  source  (thermal  ignition),  has 
much  in  common  with  the  flash  of  ordinary  explosives.  We  will  note  from  this  point 
of  view  the  clear  connection  between  the  intensity  of  flash  and  the  speed  and 
character  of  burning,  which  was  established  for  individual  explosives  by  K,  K, 
Andreyev  As  we  have  seen,  the  sharpest,  most  explosive  character  belongs 

to  the  flash  of  mixtures  tetranitroraethane  with  benzene  head,  styrene,  2Uid  furfur- 
ole,  These  mixtures  burn  with  comparatively  great  speed,  their  burning  is  unstable 
and  even  at  ordiiiary  temperatures  in  glass  pipes  5—7  nm  in  diameter  cases  were 
observed-  of  transition  of  burning  to  e:q>losion.  At  increased  temperatures,  obtain¬ 
able  in  liquid  at  the  moment  of  thermal  flash,  the  stability  of  burning  is  still 
less‘:and  even  in  small  quantities  the  mixtures  investigated  flash  with  great  in¬ 
tensity. 

For  certain  individual  explosives  the  phencmenon  of  an  "upper  limit"  of  flash 
ten^wrature  was  detected  This  phenomenon  is  observed  for  substances  having 

•  comparatively  low  boiling  points  Tinder  conditions  when  the  time  of  chemical  self¬ 
acceleration  of  reactions  of  disintegration  is  larger  than  the  time  of  evaporation. 
The  investigated  liquid  mixtures  are  volatile j  therefore  for  many  of  them — for 
example,  for  mixtures  with  benzene,  toluene,  dichlorethane— under  the  experimental 
conditions  with  small  quantities  of  liquid,  the  phenomenon  of  "upper  limit"  is 
observed  in  all  temperature  ranges  from  room  temperature  to  about  five  hundred 
degrees,  >dien  it  is  already  correct  to  talk  not  about  flatrti  of  explosive  in  the 
usual  meaning,  but  about  the  igniting  of  its  vapor*  by  a  heated  surface.  If  we 
increase  the  mass  explosive,  then  with  the  same  conditions  of  heating  the  time 
of  evaporation  grows  and  self -acceleration  of  disintegration  can  occur  before  all 
the  substamce  is  evaporated.  The  upper  limit  of  flash  temperature  can  thus  be 
lowered,  as  was  observed  in  experiuwnts  with  mixtures  of  tetranitromethane  with 
benzene,  etc. 


A  graphic  presentation  of  the  relative  role  in  the  flash  process  of  chemical 
self-acceleration  and  the  evaporation  of  substance  dxiring  heating  is  given  by  the 
results  of  experiments  with  the  tr inary  mixtxire  tetranitromethane  •— benaene—  sty¬ 
rene,  A  mixture  of  tetranitromethane  and  benzene  is  easily  evaporated,  but  in 
chemical  relationship  Is  comparatively  inert.  Correspondingly,  self-ignition  of 
this  mixture  appears  only  with  a  heater  temperature  at  which  the  mixture  of  vapors 
flashes.  The  temperature  of  Ignition  of  a  mJxttire  of  the  pure  vapors  is  coo^jara- 
tively  high  — in  the  given  case,  about  5CX)®.  After  addition  to  the  binary  mixture 
of  a  small  quantity  (about  0.5  vol  %'  of  styrene,  the  condition  of  evaporation  of 
a  drop  of  the  mixture  cotild  not  be  changed  considerably.  The  sharp  lowering  of 

flash  temperature  of  the  trinary  mixture  is  explained  by  the  fact  that  the  presence 

/ 

in  the  system  of  reactive  styrene  stipulates,  at  lower  heater  temperature,  the  flow 
with  sufficient  speed  of  the  processes  of  formation  of  active  products,  so  that 
the  concentration  of  them  necessary  for  self-ignition  is  created  in  less  time  than 
is  required  for  full  evaporation. 

If  the  components  of  a  mixture  have  different  vapor  pressures,  then,  as  is 
known,  the  composition  of  the  vapor  phase  can  be  distinguished  from  that  of  the 
liquid.  As  is  known  during  the  burning  of  liquid  mixtia^s  of  highly 

volatile  substances  this  circiunstonce  causes  original  phenomena  of  fractional 
buinout,  caused  by  difference  in  the  compositJons  of  the  liquid  and  of  the  vapor 
over  it,  and  also  their  changes  in  the  course  of  propagation  of  burning.  Fraction¬ 
al  evaporation  plays  a  definite  role  also  during  thermal  flash  of  mixtures;  this 
is  livident,  for  example,  in  the  results  of  experiments  with  mixtures  of  the  same 
components  at  various  relationships  between  them.  In  these  experiments  we  estab¬ 
lished  the  coincidence  of  regiono  of  concentrations  in  which  the  of  bum- 

teniperature/ 

Ing  rate  and  minimum  of  flaeh/are  observed.  During  experiments  on  thermal  self- 
ignition,  carried  out  with  very  small  quantitlea  of  the  llq[aid  mixture,  the  in¬ 
fluence  of  fractional  evapdration  is  relatively  small*  A  drop  of  the  mixture,  for 


the  siosv  part,  can  ba  svsporated  in  a  tiiae  less  than  the  delay  of  self-ignition. 
Differences  in  the  ccasposittons  of  liquid  and  vapor,  stipulated  by  differences  in 
the  tensions  of  vapors  of  the  components,  are  smoothed  in  this  case. 

Comparatively  long  ago  A,  F.  Belyayev  indicated  that  flash  of  flying 
volatile  explosives  appears  in  the  vapor  phase,  This  position  in  essence  no  one 
now  doubt sj  however  until  now  there  was  no  direct  experimental  confirmation  of  it. 
In  works  on  the  theory  of  thermal  explosion  of  explosives,  including  some  oau-ried 
out  recently  essential  circumstance  acutally  is  not  consid¬ 

ered.  During  the  investigation  of  liquid  mixtures  direct  experimental  confirma¬ 
tion  that  self-ignition  appears  in  gas  phase  was  obtained, 

work/ 

For  the  mixtures  studied  in  the  given/ two  different  methods  of  self -ignition 
were  observed. 

1,  In  the  condensed  phase  there  proceeds,  without  essential  warm-up  of  the 
substance,  a  self-accelerated  process  of  its  transformation  to  reactive  gases, 

I'/hen  the  concentration  of  the  latter  exceeds  a  certain  maxinium,  the  reactions  be¬ 
tween  them  are  completed  by  therroal  self -acceleration  (thermal  explosion),  leading 
to  flash.  The  temperature  of  the  condensed  substance  ignited  by  this  method  can 
be  significant  lower  than  its  boiling  temperature.  In  connection  with  this  the 
vapors  of  the  parent  substance  cannot  play  an  essential  role  in  gas-phase  reactions 
completed  by  flash, 

2,  In  the  condensed  phase  exothermal  reactions  will  proceed.  As  a  result  of 

chemical  and  thermal  self-acceleration  of  these  reactions  there  appears  progressive 

self-warm-up.  The  maximum  temperature,  however,  is  limited  by  the  boiling  point 

of  the  actual  explosive  or  of  the  products  of  the  primary  stages  of  its  transfer- 
1 

matiem  .  Tliermal  explosion  and  ignition  occur,  as  in  the  preceding  case,  in  the  ’ 

^  Such  a  role,  like  boiling,  can  in  certain  cases  bo  played  by  the  endothermic 
docempoaition  of  the  parent  substance  or  an  intermediate  product. 


gas  phase,  but  aow  the  vapors  of  the  explosive  can  participate  in  them  siie  by 
aide  with  the  products  of  the  primaiy  reactions. 

ilechanisras  of  self-ignition  of  mixtures  and  individual  explosives  should  have 
much  in  common.  It  is  possible,  therefore,  to  expect  that  the  two  methods  of  self¬ 
ignition  described  will  be  observed  also  for  certain  explosive  compounds. 
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B.  N.  Kondrikov 

35.  Intensity  of  Flash  in  Explosive  Substances 

The  ability  for  self -ignition  during  increased  temperature  is  one  of  the 

most  common  properties  of  all  explosive  systems  and,  in  particular,  condensed 

explosives.  The  main  characteristics  of  self -ignition  —  the  condition  vdth 

which  it  becomes  possible  (so-called  critical  conditions)  and  the  dependence 

of  the  induction  period  (delay  of  flash)  on  temperature  —  were  studied  by 

many  investigators  and,  for  a  lumber  of  explosive  substances,  are  quite  well 

known.  However  these  characteristics  in  essence  describe  only  the  development 

of  preparatory,  before  flame  reactions,  not  at  all  concerning  how  the  process 

develops  after  appearance  of  flame.  Serving  as  a  known  characteristic  of 

propagation  of  flame  at  flash  can  be  the  intensity  of  the  latter,  determined 

by  speed  of  gas  formation  and  increase  of  pressure  during  self-ignition. 

Unfortunately,  in  the  majority  of  works  this  side  of  the  question  is  hardly 

best _ / 

touchea  upv^ii.  Lhe/^ae  only  the  character  of  the  flash  is  noted,  estimated 
by  the  force  of  the  sound  or  by  the  fact  that  the  glass  vessel  in  which  it 
occurs  is  split  or  remains  whole  during  flash. 

The  problem  of  this  work  has  been,  by  using  the  simplest  method  to  ccmpars 
among  themselves  different  explosive  substances  by  the  intensity  of  thsir 
thermal  self -ignition.  As  a  measure  of  intensity  was  used  the  height  or  energy 
of  the  boxmc©  of  the  ball,  lying  on  an  aperture  of  the  test-tubs,  in  which 

flashed  a  small  weighed  amount  of  explosive  svibstance. 

^  * 

jrop  . 


Eb^rlJtasntal  Part 


The  method  of  conducting  experiments  was  as  follows.  A  weighed  amount  of 
@>:plosive  substances  was  introduced  into  a  glass  test-tube,  the  bottom  part  cf 
which  to  a  depth  of  5 — 7  cm  was  submerged  in  a  thermostat  with  V/ood's  alloy, 
and  the  upper  part  was  inserted  in  a  massive  metallic  case  with  an  aperture, 
covered  by  a  steel  or  glass  ball  (Fig.  1).  Height  of  bounce  of  ball  at  flash 
was  determined  visually  with  the  help  of  a  scale.  Delay  of  f3ash  was  detemujied 
by  a  stop  watch.  Temperature  of  thermostat  was  maintained  constant  with  an 
accuracy  to  one  degree. 

Height  of  bounce  of  ball  was  noted  only  in  those  experiments,  in  which  the 
test-tube  remained  whole.  If  at  flash  the  test-tube  split,  the  height  of  the 
bounce  varied  greatly  from  experiment  to  experiment  and  can  no  longer  be  used 
as  a  measure  of  intensity  of  flash. 

In  the  majority  of  experiments  we  used  a  test-tube  with  a  diameter  of  1.7 
and  a  length  of  15  cm,  in  a  number  of  cases  we  used  a  test-tube  with  a  diameter 
of  2  and  a  length  of  20  cm.  A  weighed  amount  of  explosive  substance  usually  was 
introduced  into  a  test-tube  already  heated  to  temperature  of  thermostat,  however, 

aU.  liquid,  and  also  certain  solid  matter  were  placed  in  test-tube  before  its 

* 

submersion  into  thermostat.  Differences  in  the  height  of  bounce  of  ball  with 
such  change  of  conditions  of  experiment  were  noticeable  (vdian  using  large  test- 
tubes  the  height  of  bounce  of  ball  is  decreased  —  see,  for  example.  Fig.  12a 
and  b  —  when  introducing  substance  into  cold  test-tube  it  is  increased),  but 
not  very  significantly. 

Intensity  of  flash  was  usxiaUy  characterized  by  the  product  of  height  of 
bounce  of  ball  by  its  weight:  E  =  mh.  D\iring  strong  flashes  (E:atlO^  —  10^ 
g '  cm)  this  magnitude  virtually  does  not  depend  on  weight  of  ball,  during  weak 
flashes  light  balls  give  larger  E  than  heavy. 

. •  srof  . 


Fig.  1.  Diagram  of  instrument  for  determining  intensity  of  flash 
of  explosive  substance.  1 — test-tube  vdth  explosive  substance, 

2 — ball,  3 — cabe  vdth  aperture  in  cover  (diameter  of  aperture  10 
mm)  and  packing,  A — scale,  5 — thermostat  vdth  Wood's  alloy. 

During  the  experiments  the  following  main  pattern  of  phenomenon  was 
detected. 

At  a  temperature,  lower  than  critical,  the  substance  is  calm,  without 
appearance  cf  flame,  and  the  ball  remains  motionless.  Vvxth  the  achievement  of 
a  certain  critical  temperatiure  of  self-ignition  for  given  conditions  flash 
occurs,  usually  accompanied  by  flame  and  sound  and  throwing  the  ball  to  a 
certain  height.  By  the  character  of  change  of  this  height  at  a  change  of 
temperature  and  other  conditions  of  the  experiment,  and  also  by  the  maximum 
height  of  bounce  of  ball  with  given  weighed  amounts,  various  explosive  substances 
differ  from  each  other  quite  substantially. 

In  Fig.  2—4  depict  dependence  of  intensity  and  delay  of  flash  on 
temperature  of  thermostat  for  small  (0.01  —  0.05  g)  amounts  of  several  quick¬ 
burning  explosive  substances.  Characteristic  for  the  majority  of  them  is  that 
at  all  temperatures  up  to  very  high  the  intensity  of  the  flash,  after  a  more  or 
less  short  section  of  initial  growth,  remains  practically  constant. 


There  is  a  somev^at  more  complicated  picture  in  the  case  of  tetraaene  (Fig* 
4).  Height  of  bounce  of  ball  during  a  flash  of  0.01  g  of  this  explosive  at 
136—200®  is  small  and  changes  little  with  temperature,  however  at  152  and  155® 
very  sharp  flashes ‘were  observed,  accompanied  by  splitting  of  test-tube .  By 
increasing  the  weighed  amount  to  0.02  g  the  range  of  such  detonation-like 
self-ignition  was  expanded. 

A  curious  jrfiencmienon  was  objected  in  the  case  of  styphnato  of  lead  and 
potassium.  At  275 — 290°  these  substances  along  with  usual  flashes,  appearing 
after  prolonged  (tens  and  hundred  of  seconds)  heating,  in  a  number  of  experiments 
with  that  same  temperature,  gave  a  flash  with  a  delay  one-two  orders  less  (from 
a  fraction  of  a  second  to  seconds).  A  similar  phenonenon  was  observed  also  in 
the  case  of  styphnic  acid. 

The  main  distinction  between  secondary  and  throwing  e^iplosives  end 
initiating  explosives,  as  far  as  the  character  of  dependence  of  intensity  of 
flash  on  temperature  is  concerned,  consists  in  the  fact  that,  starting  from  a 
certain  value  of  the  latter,  the  intensity  of  self-ignition  of  these  explosives 
falls,  and  the  height  of  bounce  of  the  ball  is  decreased,  in  most  cases, 
practically  to  zoro^.  In  the  frame  work  of  this  general  regularity  various 
secondary  explosives  by  the  .'ju*act9r  of  dependence  of  fl^sh  intensity  on 
temperat\u?e  can  noticeably  differ  frcm  each  other. 

Some  of  them  (pyroxylin,  tetryl,  dyna,  high-percentage  solutions  of 
nitrocellulose  in  nitroglycerine,  trotyl  )  are  characterised  by  the  fact  that 

I 

with  an  increase  of  temperature  an  increase  of  intensity  of  their  flash  to 


Intensity  of  flash  of  certain  powdery  explosives  with  fui'ther  increase  of 
tempera  tuf >4  can  again  socswhat  incresi^. 

^Trotyl  (Fif-  7)  is  di»&ingui'p!hid  frcsa  o^htr  exploaives  hy  the  fact  that 
with  the  achievement  of  a  cot'tain  eafflctently  high  timperatur®  (under  the 
conditions  of  our  experli!®nts«»#365®)  its  self -ignition  is  sxuidenly  stopped  and 
the  ball  is  no  longer  throw;  The  so-called  upper  limit  of  self -ignition  /"l_7 
will  be  reached.  .  _  j 


masiimim  occ’urs  gradually,  in  a  significant  (sans times  tens  of  degrees)  range  of 
temperatures  (Fig.  5 — 8), 


Fig.  2.  Dependence  of  intensity  (a)  and  delay  (b)  of  flash  of 
mercury  fulminate  on  temperature.  Amount  of  explosive:  1— 
0.02,  2—0.05  g.  l)#decomposition  vdLthout  flash]  2)B  g*cmj 
3)fsec. 


Fig.  3.  Dependence  of  intensity  (a)  and  delay  (b)  of  flash  of 
pier ate  of  sodium  (1)  and  lead  (2)  on  temperature.  Amount  of 
explosive  0.02  g.  In  Fig.  a  each  point  is  the  average  of  3 — 5 
experiments.  l)£g*  cm;  zytaeci  3)*dec!ompo8ition  vdthout  flash. 


Other  explosives  (diglycoldinitrate,  nitrogelatin,  partly  PSTN)  during 
transition  through  critical  temperature  of  self -ignition  give  a  flash  of 
maximum  intensity  either  immediately,  or  in  a  very  narrow  (one-two  degrees) 
temperature  range,  after  which  the  height  of  bounce  of  ball  is  gradually 
decreased  (Fig.  9~-ll). 


Fig.  K-  D«ptad«nco  of  inter-aity  (a)  and  dslay  (b)  of  flash  of 
tetraaene  on  tea^rature.  Amomit  of  expiosivo:  l—O.Ol,  2--' 
CX.02  g.  l)£g  •  cm;  zytatc]  3)Odecc«nposition  vdthout  flash; 
4)te:q3loaion  with  splitting  of  test-tube. 


Fig.  5*  Dejjendence  of  intensity  (1)  Fig.  6.  Dependence  of  intensity 

and  delay  (2)  of  flash  of  0.05  g  of  (1)  and  delay  (2)  of  |^sh  of 

pyroxylin  on  temperature,  l)%-cm;  solution  of  coHodioiV^itrogly^erine 

2)t'sec.  (*50:50)  on  temperature.  Amount  of 

explosive  0.02  g.  Each  point  on 
curve  *  *  f  (t)  is  an  average  of 
5  —  10  e:Q>eriMnts.  l)eg*cm; 

2) »deccaapo8ition  .without  flash; 

3) t'soc. 

Nitroglycerine  displays  an  unusual  behavior  (Fig.  12,  experiments  were 

conducted  in  teet-tubes  vdth  diameters  of  1.7  and  2  cm)  upon  reaching  the 

critical  temperature  of  self-ignition  one  drop  (^0.02  g)  of  nitroglycerine 

imB»diately  throws  the  ball  to  a  significant  height,  greater  than  the  maximam 

height  during  flash  of  PETf^  and  di'glyoolclinitrate  and  nearly  to  the  maxiiaum  [ 

STOP’  ‘il  ■ 


height  during  flash  of  nit^Dgelatin.  Kowaver  at  a  furthar  ineresse  of 
temperature,  in  contrast  to  that,  which  ie  observed  in  the  case  of  nitrogslatin, 
diglycoldinitrate  or  PETN,  the  intensity  of  the  flash  of  KtJ  does  not  fall,  but 
grows  rapidly  attaining  ^  1000  g*cm,  in  sai^  of  these  experiments  the  flash 
splits  the  test-tube  in  pieces.  At  a  temperature  of  about  290®  intensity  of 
flash  is  abruptly  decreased,  and  at  300-310®  it  beccmss  zero.  Attention  is 
drawn  to  the  significant  spread  of  results,  especially  with  experiments  in 
large  test-tubes  in  the  region  of  230 — 2BQ°. 
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Fig.  7.  Dependence  of  intensity  (l) 
and  delay  (2)  of  flash  of  tetryl  on 
tempe; ature .  Amount  of  explosive 
0,1  g.  l)t'3ecj  2)fg*ciii}  3)« 
^^^^j\decomposition  without  flash. 


»’'pasjiBminue  Ses 


Fig.  9.  Dependence  of  intensity  (1) 
and  delay  (2)  of  flash  of  diglycol¬ 
dinitrate  on  temperature.  Amount  of 
explosive  0.05  g*  lydsec;  2)£g.cmi 
3)®decomposition  without  flash. 


Fig.  8.  Dependence  of  intensity 
(1)  and  delay  (2)  of  flash  of  trotyl 
on  temperature.  Amount  of  explosive 
0.1  g.  l)£g*cffij  2)Tsec;  3)#no 
flash. 


Fig.  10.  Dependence  of  intensity  (1) 
and  delay  (2)  of  flesh  of.  nitrogelatin 
(10^  collodion)  on  teapeJratttfe . 

Amount  of  explosive  0.02  g.  Each 
point  on  curve «  «^  f(t)  is  an  average  , 
of  3-5  exj^riuants .  l)Fg‘Cffij  2)fsec; 
3)®doccsEpQsttiim.  without  flash. 
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Fig.  11.  Dependence  of  intensity  (1)  and  delay  (2)  of  flash  of  P2TN 
on  temperature.  Amount  of  esqjlosive  0.05  g  is  .introduced  into  a  heated 
test-tube  with  a  diameter  of  1,7  and  a  height  of  15  cm  (cf.  Fig.  16). 
l)fg*cn;  2)fsoc}  3)*deccanpo3ition  without  flash. 


Fig.  12.  Dependence  of  intensity  (1)  and  delay  (2)  of  flash  of 
nitroglycerine  on  temperature,  a — test-tube  with  a  height  of  20 
and  a  diameter  of  2  cm,  b— test-tube  with  a  height  of  15  and  a 
diameter  of  1.7  cm.  Amount  of  explosive  0.02  g  (one  drop). 
l)fsec;  2)iig*cm;  3)®decompositlon  without  flash i  4)f explosion 
with  splitting  of  test-tubes. 

The  very  same  is  observed  in  the  case  of  nitroglycol  (Fig. ‘13)  with  the 
only  difference  being  that  splitting  of  test-tube  does  not  occur,  but  the  spread 
of  results  is  so  great  that  in  the  range  210 — ^300®  dependence  of  intensity  of 
flash  of  nitroglycol  on  temperature  in  coordinates  S — T  is  expressed  not  by  a 
curve,  but  by  a  certain  quite  broad  region. 


Fig.  13.  Dependence  of  intensity 
(1)  and  delay  (2)  of  flash  of 
nitroglycol  on  temperatxire .  Amount 
of  explosive  '>'0.05  g  (two drops). 
l)fsec;  2)fig*cm;  3  )®decojnpo3ition 
without  flash. 


Fig.  14.  Dependence  of  maximum 
intensity  of  flash  of  solutions  of 
collodion  in  nitroglycerine  on  their 
ccoipoaition.  Amount  of  exploiiTt. 

1)  B  £*ca;  2)  NCrj  3)  %  collodion. 


Maximum  intensities  of  flash  of  investigated  substances  and  certain  other 
characteristics  of  experiments  are  presented  in  Table  1. 


The  greatest  intensity  of  flash  in  the  secondary  explosives  waji  possessed 
by  nitro  esters—nitroglycerine,  methylnitrate,  pyrojsylin,  nitroglycolj  the 
least  intensity — nitroamine  and  arcmatic  nitro  compound,  especially 
thermoresistant — hexyl,  hexanitrodipherylsulfide,  hexogen,  trotyl.  From 
aromatic  nitro  compounds  etyphnic  acid,  is  noteworthy  in  the  amount  of»K3.04  g 
throwing,  although  very  irregularly,  the  ball  almost  as  high  as  nitroglycol. 

QuicV -burning  explosives  by  intensity  of  flash  differ  from  each  other  less 


than  secondary  explosives  and  not  one  of  them  attains  the  maximiBa,  observed  for 
niti  oglycerine . 


It  is  interesting  to  trace  how  the  maximum  intensity  of  flash  of  solutions 

1 

of  collodion  in  nitroglj'-cerine  depends  on  their  canposition  (Fig.  14)  .  With 
10!«  collodion  the  maximum  intensity  of  flash  decreases  very  strongly.  By 


hese  experiments  are  conducted  by  I.  V.  Babaytsev. 


Table  1 

MaxlMum  intensities  of  flaeh  of  certain  initiating  and  secondary 

explosives* 
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Amount,  gj  3)  Range  of  ten^Msratures,  in  which  it  was  studied 
and  flash  was  received**;  4)  Maximum  intensity  of  flash  {jBLjav:  g*cm)  X  10”^: 

5}  Temperature,  with  which  flash  of  maximum  intensity  is  observed;  6)  Ifercury 
fulminate;  7)  Tetrazene;  8)  P*icrate  of  sodium;  -9)  Picrate  of  potassium;  lO) 
derate  of  lead;  11)  Hexylate  of  potassium;  12)  Nitroglycerine ;  13)  Nitroglycol*; 
14)  Mithyl^trate*;  15)  Digjycoldinitrate*;  16)  PETN;  1?)  Dyna*;  18)  Nitro- 
ge^tin  (1^  coU^ion);  19)  Pulverized  pyroxylin;  20)  P^oxylln  powder;  21) 

23)  Hexogen:  24)  Octogen;  25)  Hexyl;  26)  Hexanitrodiphenyl- 
sulfide;  2?)  Picric  acid***;  28)  Picrate  of  accionium***#*  29)  Styphnic  acid. 

*feperin»nts  with  substances,  marked  by  an  asterisk,  were  conducted  in  test" 
diauMter  of  2  and  a  height  of  20  cm,  the  remaining  substances  were 
tested  in  test-tubes  with  a  diameter  of  1.?  and  a  height  of  15  cm. 

**Critical  ten^ratures  of  self-ignition  are  sot  up  by  curve. 

***0ut  of  26  experiments  there  -wsre  very  weak  flashes  in  thi'oe,  in  the  re¬ 
maining  —  thexml  decompoMtion, 

fjr 


increasing  contents  of  collodion  to  6C^  this  magnitude  reaains  approximately 
constant,  and  then  again  abruptly  falls,  being  decreased  more  than  twice  with 
70?»  collodion,  and  with  1%  practically  to  zero.  This  dependence  can  be 
conpared  with  the  fact  that  with  an  increase  of  amount  it  is  very  easy  to  cause 
explosion  of  solutions,  containing  60^  and  less  of  collodion  in  nitroglycerine. 


Fig,  15.  Effect  of  magnitude  of  amount  and  nature  of  gas,  filling  test- 
tube,  on  intensity  (a)  and  delay  (b)  of  flash  of  dyna.  Amount  of 
explosive:  1  and  2  —  0.05  g,  3  and  4  ~~  0.2  g.  Gas,  fillir.g  test-tube: 

1  and  3  —  air,  2  and  4  —  CO2.  l)£g*cmj  2)tsec. 

Under  certain  conditions  6C^  gelatin  explodes  with  splitting  of  test-tube  even 

with  an  amount  of  0.1  g.  At  the  same  time  70^  solution  does  not  split  test-tube 

even  wi.th  an  amount  of  1  g. 

Generally  speaking,  with  an  Increase  in  amount  of  explosive  it  is  natural 
to  ejqsect  an  increase  in  intensity  of  self-ignition.  Indeed,  for  many  explosives 
(initiating  and  quick-burning,  nitroglycerine,  pyroxylin,  nitrogelatin)  with  an 
increase  in  amount  the  intensity  of  flash  considerably  increases.  In  the  case  of 
PSTN  with  amounts  frora  0.05  to  0.3.g  it  grows  weakly,  however,  1—2  of  PETN  are 
exploded,  splitting  test-tube  into  small  pieces.  Such  an  explosion  is  given  by 
2  g  of  diglyooldinitrate,  but  after  a  prolonged  period  of  burning.  Pulverized 
pyroxylin  gives  a  strong  explosion  even  with  an  amount  of  0.5  g.  An  increase 
in  amount  significantly  increases  intensity  of  fJ^sh  in  the  case  of  picric  acid. 
However  certain  secondary  explosives  display  other  behavior:  with  ^ 
increase  in  amount  the  intensity  of  their  flash  docs  not  increase,  but  ii 
decreased.  A  typical  example  of  such  a  substance  Is  dyna  (Fig.  15);.  in  the 


CM*  of  which  an  incroaa*  in  amount  4  times  (frcsa  0.05  to  0.2  g)  twice  decreases 
the  maximua  inteiaiity  of  flash. 


Table  2 


The  effect  of  CO^  on  flash  characteristics  of  certain  explosives* 

\  ^  a  I  t  «  A  _ _ 
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1)  Ejqjlosivej  2)  Amount,  gj  3)  Temperature;  4)  in  air;  5)  Diglycoldinitrate ; 
6)  Nitroglycol;  7)  l-iethylinitrate;  8)  Pyi'caylin;  9)  In  CO2;  lOytaec. 


Values  of  E  and  ^  —  average  from  several  experiments , 

In  order  to  explain  the  effect  of  processes  occurring  in  gas  phase  on 
intensity  of  flash,  experiments  were  conducted  with  which  air  in  test-tubes 
^  replaced  by  carbon  dioxide  (Table  2,  Fig,  15,  I6  and  17).  Results  of  these 
experiments  show  that  composition  of  gas  phase  plays  an  essential  role  in 
self -ignition  not  only  of  high-volatile  methylnitrate,  which  otherwise  as  in 
gas  phase  is  not  able  to  flash,  but  also  vdth  the  flash  of  such  low-volatile 
substances,  as  diglycoldinitrate  and  PETN,  and  even  quite  nonvolatile  pyroxylin. 


Fig.  16.  Effect  of  nature  of  gas,  filling  test-tube,  on  intensity  (a) 
and  delay  (b)  of  flash  of  PETN.  Amount  of  explosive  0.05  g.  1  —  in 
air,  2  —  in  CO2.  Points  on  axis  of  abscissas  at  low  temperature  — 
decomposition  without  flash.  Amount  is  introduced  into  test-tub©  with  a 
diameter  of  2  and  a  height  of  20  cm  before  submersion  of  the  latter  in 
thermostat  (cf.  Fig.  ll).  l)fg*cm;  2)Tsec. 


i 


I 

i 

i 

Interesting  boha’/ior  is  displayed  hy  dyna  (Fig.  15) ♦  With  a  snail  (0.05  g) 
amount  the  siKdmum  Intensity  nf  its  flash  in  carbon  dioodde  is  significantly 
less  than  in  air,  id.th  a  largo  (0,2  g)  amount  both  intensities  practically  * 

coincide  vdth  each  other,  and  also  with  intensity  of  flash  of  0.05  g  in  an 

1  atmosphers  of  002*  '  | 

In  the  case  of  nitroglycerine  replacement  of  air  by  carbon  dicodde  ! 

considerably  decreases  the  intensity  of  flash  at  low  tengperaturea  and  has  J 

practically  no  effect  on  it  at  high  temperatures  (Fig.  17) • 

One  should  note  that  replacement  of  air  by  CO^  in  most  cases  deprsssss  not 
only  the  intensity  of  flash,  but  also  the  ability  of  substances  to  sslf-ignite, 
noticeably  raising  critical  tcB^rature  of  flash. 


Fig.  17.  Effect  of  composition  of  gas  phase  on  intensity  (a)  and 
delay  (b)  of  flash  of  nitroglycerine.  Amount  of  explosivrf^.02  g.  - 
1  —•  in  air,  2  —  in  COg’  l)l?g*cmj  2)rsecj  3)#d«ooBgpo8ition- 
without  flash;  4)f explosion  with  splitting  of  test-tube. 

A  characteristic  peculiarity  of  a  majority  of  liquid  and  melted  explosives 

noted  by  A.  F.  Belyaev  is  the  formation  before  flash  scostimss  of  very 

significant  quantities  of  foam.  As  visual  observation  shows,  the  quantity  and 

consistence  of  foam  change  frcaa  substance  to  substance  and  depend  considerably 

on  the  conditions  of  the  experiofflnt.  In  particular,  at  an  increase  of 

te^^rature  the  quantity  of  foam  is  significantly  decreased,  aM  at  suffioiimtly 

high  temperature  it  will  no^  be  formed  at  all.  It  Is  essential  to  note  that  the 

sfoPH*- 


forfflfction  of  foaa  proootes  an  increase  in  intensity  of  flash,  and  in  the  case 
of  large  (l—2g)  amounts  of  such  explosives  as  diglycoldinitrate  and  PETN, 
makes  their  explosion  possible. 

Discussion  of  Results 

The  flash  of  explosives,  as  i.a  known,  represents  burning  of  the  heated 
substance,  occurring  by  means  of  self-ignition.  Intensity  of  flash  is  de¬ 
termined  by  speed  of  gas  formation  during  burning,  and  the  latter  for  a 
majority  o.  explosives  is  determined,  basically  by  the  speed  and  the  burning 
surface^. 

The  value  of  the  normal  burning  rate  at  flash  of  a  substance  is  ccxnpletely 
obvious.  It  is  clearly  manifested,  for  example,  dxiring  the  comparison  of  a 
majority  of  secondary  explosives  with  quick-burning  ones,  especially  picric 
acid  and  hexyl  with  picrate  and  hexylate  metals  (see  Table  1), 

It  is  not  less  obvious,  however,  that  the  normal  burning  rate  is  not  the 
only  determining  factor.  Hexogen  and  tetryl  burn  faster  than  diglycoldinitrate 
and  nitroglycol,  meanwhile  a  flash  of  0.1  g  of  hexogen  does  not  even  raise  the 
ball,  tetryl  gives  E  equal  to  only  15  gem,  whereas  diglycoldinitrate  (with  an 
amount  of  0.05  g)  gives  E  =  70  gem,  and  nitroglycol  in  intensity  of  flash 
approaches  mercury  fulminate.  The  most  probable  cause  of  such  a  distinction  is 
the  difference  in  magnitude  of  burning  surface  at  flash  of  these  substances. 

The  larger  the  surface  of  burni.ng  at  self-ignition  of  explosive  the  greater 
the  possibility  of  penetration  of  flaaie  into  the  depth  of  the  charge,  i.e.  on 
one  liand,  the  bigger  the  temperature  of  gases  and  inflammability  of  substance, 
but  on  the  other  —  the  more  friable  and  porous  the  substance,  the  less  its 

Speed  of  gas  formation,  naturally,  depends  also  on  specific  volume  of 
gaseous  products  at  tei^rature  of  burning.  This  side  of  the  question  will 
not  be  considered  here. 


dwftbility,  density,  viscMiiy,  etc.  Graphically  illustrated  is  this  affixation 
of  the  experijaent  id.th  pulverized  pyroxylin  and  pyrosylin  powder  (aea  Tab!b  1). 
The  first  of  them  at  flash  throws  the  ball  almost  as  high  as  mercury  fulminate, 
but  the  second  does  not  throw  it  at  all.  Obviously,  friability  and  porosity  of 
pulverised  pyroxylin  at  sufficiently  high  inflammability  of  the  heated  substance 
ensure  the  penetration  of  the  flaao  into  the  depth  of  the  ^unt  and  its 
violently  intenee  combustion. 

Liquid  explosives  behave  similarly  (a  typical  example  of  them  is 
nitroglycerine),  the  burning  rate  of  which  at  increased  teaqjerature  exceeds  the 
critical  speed  of  burning  of  liquid  according  to  Landau  —  Andreyev  zj*  In 
this  case  burning  of  liquid  procoeds  in  the  turbulent  regime,  gaseous  products 
penetrate  into  the  mass  of  the  explosive  and  the  flash  takes  on  the  character  of 
e:q)losion. 

However  the  burning  rate  of  many  secondary  explosives  (nitroglycol, 
diglycoldinitrate,  FETN,  etc.)  even  at  the  temperature  of  self-ignitim  is 
still  far  from  critical,  meanwhile  they  flash  quite  intensly^  in  certain 
conditions  —  with  explosion.  Obviously,  during  heating  these  substances 

*  I 

endure  transformations  vrfiich  allow  the  flame  to  penetrate  to  the  depth  of  the 
charge  even  at  comparatively  small  normal  speed  of  its  propagation.  Ws  can 
consider  the  main  transformation  to  be  the  foaming  of  the  explosive.  Apparently, 
light,  low-viscosity  foam  is  precisely  that  state  of  the  substance,  with  w^ch 
burning  penetrates  especially  easily  into  its  depth,  and,  encoc^^sing  a  large 
surface,  creates  an  increase  of  pressure,  characteristic  of  explosion* 

Propagation  of  burning  in  a  layer  of  foam,  besidee  all  other,  depends  on 
its  coi.;sistence.  Light  mobile  foam,  formed  when  heating  such  explosives  as 
diglj'^coldinitratQ  and  PSTN,  burns  quickly  end,  if  its  quantity  is  sufficiently 
great,  it  explodes.  Substances,  melted  at  high  temperature,  especially 
thermoresistant  explosives  usually  produce  a  fosna  which  is  thicker,  viscous,  and 


srrp  '•  ■ 


burns  co«p»r4tiv»3y  slcjwly  and  calmly^ 

Another  inportant  factor,  dataraining  tha  intensity  of  salf-ignition  of 
a^lc^ivas  under  tha  conditions  of  our  a:}q>ariiMnts,  is,  as  expariaents  show  on 
flash  in  an  ataospHara  of  carbon  dioixida,  transformation  of  substance  into 
reactive  gases  and  vapor  and  tha  formation  of  a  mixture  of  them  with  air.  Tha 
inclination  of  gas  systems  to  tiarbulization  of  front  and  an  increase  of  burning 
surface  ia  wall-icnown.  It  is  natural  to  expect,  therefore,  that  transformation 
of  condensed  substance  into  gas  capable  of  burning  by  itself  significantly 
increases  the  speed  of  its  combustion.  On  the  other  hand,  burning  of  a  gas 
mixture  as  a  result  of  increase  in  pressure,  scattering  of  substance  by  streams 
of  burning  gases,  their  penetration  into  the  depth  of  friable  explosives,  etc., 
can  lead  to  an  increase  in  burning  rate  or  even  explosion  of  the  most  condensed 
substance.  Finally,  with  an  explosion  of  gas  mixture  there  can  appear  also  a 
shock  wave,  sufficiently  intense  to  excite  an  explosion  or  detonation  in  the 
condensed  substance,  all  the  more  so  in  heated  and  foamed  substances. 

It  may  be  concluded,  consequently  that  in  the  aase  of  a  majority  of 

secondary  and  throwing  explosives  for  a  flash  of  significant  intensity  it  is 

necessary,  during  heating  of  the  substance,  to  form  large  quantities  of  either 

1 

low-viscosity  and  light  foam,  or  a  ccanbustible  gaseous  mixture  . 

Let  us  consider  now  in  the  Light  of  the  above  assumptions  the  main 
regularities  obtained  in  this  work  —  dependence  of  flash  intensity  of  an 
explosive  on  temperature.  For  a  majority  of  explosives  the  transition  through 
critical  temj  "ature  of  self-ignition  is  accompanied  by  a  more  or  less  smooth 
increase  in  the  intensity  of  the  flash.  The  main  cause  of  this,  probably,  is 

^Formation  of  a  layer  of  foam  or  gaseous  mixture  undc^oNtedly  has  an 
effect  on  not  only  intensity  but  on  other  characteristics  of  thermal  self- 
ignition— critical  conditions  and  delay  of  flash. 


thtt  >fith  an  increase  of  teir^wrature  the  degree  of  decoe^KJSition  of  subetahce 
before  flash  is  decreased^  i.e.  the  quantity  of  burning  ejqplosive  is  increased 
and  its  dilution  by  products  of  disintegration  is  decreased. 

In  the  case  of ‘  self-ignition  of  those  substances,  in  vdiich,  vith  a  soall 
amount,  a  flash  of  significant  or  even  maximum  intensity  appears  immediately 
after  achieving  the  critical  tesqjerature  of  self-ignition,  a  chief  role  in  the 
process  of  burning  in  these  conditions  is  played,  apparently,  by  gaseous 
products  in  mixture  with  air.  It  is  easy  to  see  that  the  biggest  quantity  of 
the  latter  before  flash  will  be  formed  precisely  near  critical  conditions. 

Flash  in  small  quantities  of  diglycoldinitrate,  nitroglycol,  nitroglycerine, 
nitro  gelatin,  and  possibly  also  PETN  at  temperatures,  near  critical,  apparently, 
occurs  precisely  in  this  manner. 

The  intensity  of  the  flash  in  secondary  and  throwing  explosives,  starting 
with  a  certain  temperature,  is  lowered.  It  is  possible  to  explain  this 
phenomcsnon,  assuming  that  at  high  temperatures  a  substance  flashes  earlier,  than 
its  main  mass  has  time  to  be  prepared  for  flash  —  to  be  turned  into  foam  or 
gases  and  vapor,  and  at  sufficiently  high  tec^rature  even  simply  to  be  heated. 
The  burning  rate  of  a  substance  in  this  case  is  decreased,  and  the  intensity  of 
the  flash  falls. 

Initiating  explosives,  fast  burning  at  any  tenqjsrature,  do  not  need  such 
preparation  and  give  a  flash  of  significant  and  constant  intensity  at  all 
temperatures  higher  than  a  certain  limit  (below  vdiich  before  flash  too  large  a 
portion  of  the  substance  is  decoaposed) .  However,  the  dependence  of  intensity 
of  flash  on  temperature,  obtained  for  tetrazene,  allows  us  to  consider  that 
also  in  the  case  of  certain  initiating  ejqslosives  the  preparation  of  the 
substance  in  the  induction  period  can  considerably  affect  the  intensity  of 
self-ignition. 


Th#  author  thanks  professor  K.  K.  Andreyev  for  his  help  during  this  work 


and  the  discussion  of  results. 


Literatiire 

1.  K.  K.  Andreyev.  Collection  of  articles  on  the  theory  of  explosives 
iSdited  by  K.  K.  Andreyev  and  Yu.  B.  Khariton,  State  Publishing  House  of  the 
Defense  Industry,  19A0,  page  137* 

2.  K.  K.  Andreyev.  Thermal  deccc^osition  and  burning  of  explosives. 
State  Power  Engineering  Publishing  House,  1957j  page  280  and  24S. 

3.  A.  F.  Belyaev.  Journal  of  Applied  Chemistry,  1950,  23,  432. 


Tape  Ho,  HT-63-254  Chapter  3  Article  36 
Pages  528-533 


■  K,  K,  Andreyev  and  V,  V,  CJorbunov 
36.  On  the  Thermostability  of  Crystale  of  Ibcploslves 
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In  a  number  of  investigations  on  burning  and  thermal  decomposition  of.  single 

crystals  of  explosives,  cracking  and  destruction  of  them  during  these  processes 

is  noted  C'^J*  K,  K„  Andreyev  expressed  the  assumption  tliat  one  of  the  causes 

of  cracking  can  be  thermal  shock,  i.e.  fast  heating  of  crystals  from  the  surface 

^l_y.  Vfith  distinctions  in  inclination  to  cracking  he  connected  the  different 

behavior  of  powdery  explosives  upon  igniting  them  in  a  closed  vessel.  It  was 

* 

assumed  that  cracking  of  crystals  occurs  while  heating  them  with  hot  gaseous 
products  of  burning,  penetrating  the  pores  between  particles,  constituting  a 
charge  of  powdery  explosive.  An  increase  of  surface  during  cracking  of  crystals 
can  lead  to  an  increase  of  gas  formation  and  transition  of  burning  to  ejqplosion. 

In  connection  with  these  considerations  we  set  up  experiments  on  the  deter¬ 
mination  of  thermostability  of  explosive  crystals  and  its  role  in  the  process  of 
burning.  Thermostability  or  sensitivity  of  crystals  to  thermal  shock  in  prelim¬ 
inary  experiments  was  determined  by  throwing  large  crystals  into  heated  water. 
Maximum  fall  of  temperatures  (difference  between  initial  temperature  of  crystal  — 
usually  18 — 20  —  and  temperature  of  water),  with  which  in  the  crystal  any 
visible  changes  (cracks,  splitting)  were  absent  was  established. 

It  turned  out  that  crystals  of  many  explosives  'are  vwy  .sensitive  to  thermal 
shock.  The  biggest  fall  of  temperatures  is  sustained  by  crystals  of  trotyl  and 
picric  acid  (nearly  45® )#  crystals  of  TEM  and  hexogen®  '»^re  cracked  alreachT  at 


a  faU  of  15—20®. 


To  the  deficiencies  of  this  methodology  one  should  refer  the  uncertainty  of 


t 


tin»  of  thernsal  action  on  crystals  and  essantial  distinctions  under  the  conditions 
of  the  experiments  from  those,  that  take  place  in  experiments  on  the  study  of 
transition  of  burning  of  an  explosive  to  an  ecqplosion.  Therefore  further 
experiments  wo  conducted  by  another  method,  which  allowed  to  estimate  thermo¬ 
stability  of  explosive  crystals  by  tha  character  of  changes,  appearing  in  them 
during  free  fall  through  a  fiimace.  This  furnace  resembled  a  quartz  tube  (aiameter 
25  inm,  length  300  mm),  heated  by  a  platinum  spiral,  k  diagram  of  the  installation 
for  determination  of  thermostability  of  e^qilosive  crystals  is  given  in  Fig.  1. 

For  measurement  and  adjustment  of  temp¬ 
erature  of  furnace  a  thermocouple  2  and 
electronic  potentiometer  EPV-01  7  • 

The  gradient  of  temperatures  on 
the  length  of  the  fiimace  did  not  exceed 
I'^/cm  at  a  furnace  temperature  of  500®. 

The  crystal.  5  was  placed  on  the  petals 
of  the  stopper  3j  fixed  on  the  upper 
section  of  the  furnace,  and  upon  opening 
the  stopper  fell  through  the  furnace. 

As  the  receiving  mechanism,  telephone 
element  4  was  used  on  the  diaphragm  of  which  fell  the  crystal  or  its  fragments. 

The  time  from  the  moment  of  opening  of  the  stopper  to  the  fall  of  the  crystal  or 
its  fragments  on  the  diaphragm  was  registered  by  oscillograph  ENO-1  6.  For  crystals 
weighing  from  2  to  200  milligrams,  this  time,  after  subtracting  the  time  of  flight 
through  cold  parts  of  the  instrument,  constituted  0.24  —  0.28  sec,  analogy 
with  the  preceding  etxperiments  in  the  beginning  thermostability  was  estimated  by 
minimum  tmperature  of  the  fvunace,  with  which  on  the  crystal  appeared  cracks. 

For  the  majority  of  studied  explosives,  the  appearance  of  cracks  was  observed  at 
fxirnace  temperatures  of  200  —r  300°,  However,  in  spite  of  the  near  values  of 

0 

& 


Fig.  1,  Diagram  of  installation  for 
determination  of  thermostability  of 
explosive  crystals, 

1  —  quartz  tube  with  platinum  spiral, 

2  —  thermocouple,  3  —  stopper,  4  - 
telephone  element,  5  —  psqplosive 
crystal,  6  —  ENO-1,  7  —  EPV-01. 


j  temperature  of  appearance  of  cracks,  at  a  further  increase  of  furnace  twaperatiire 

I 

j  for  soir^  substances  was  observed  intense  splitting  of  crystals,  for  others 

,  (tetryl,  dyne,  aasnonium  perchlorate)  only  an  increase  of  the  nuniser  of  cracks^ 

Therefore  in  subsequent  experiments  as  measure  of  sensitivity  to  the  action  of 

thermal  shock  served  a  number  of  fragments,  formed  at  a  given  temperature  of  the 
2 

furnace  ,  and  a  change  of  this  number  upon  reinforcing  its  heating. 


Fig.  2.  Dependence  of  intensity  of  splitting  of  explosive  crystals  on 
furnace  temperature. 

1  —  trotyl,  2  —  piiric  acid,  3  —  styphnic  acid,  4  potassium  styphnate, 

5  —  TEN,  6  —  hexogene,  7  —  potassium  picrate. 
a)  number  of  fragments;  b)  Temperature  of  furnace  in  “C, 

The  dependen;e  of  intensity  of  splitting  of  crystals  of  certain  explosives 
on  fiirnace  temperature  is  presented  in  Fig,  2.  Every  point  on  the  graph  of  this 
figure  averages  the  results  of  no  less  than  5  experiments.  It  is  clear  that  for 
all  explosives  studied,  the  quantity  of  fragments  linearly  increases  with  the 
increase  of  furnace  temperature.  The  most  inclined  to  cracking,  especially  at 
I'.lgh  temperatures,  are  potassixwn  picrate  and  hexogene.  Moderate  splitting  was 


In  these  and  subsequent  experiments  crystals  weighing  from  20  to  60 
milligrams  were  used.  Change  in  the  weight  of  the  crystals  in  such  limits  did 
not  change  the  qualitative  picture  of  cracking. 

^Upon  falli^  through  a  cold  stove  no  change  in  the  crystals  was  observed. 


observed  for  cryst^s  of  stypimc  acia  potassium  styphnate.  iTie  straight 
linos  in  the  coordinates  (number  of  fragments  —  t8n?)eratiire)  of  the 

furnace  in  Fig,  2  have  different  slopes,  therefore  the  position  of  a  substance 
in  a  series  of  thermostability  vdth  a  change  of  temperature  can  change.  Thus,  at 
a  furnace  temperature  of  500°,  TEH  crystals  will  form  5  times  more  fragments, 
than  styphnic  acidj  at  a  temperature  of  700°  the  number  of  fragments  of  both 
explosives  is  almost  equal.  It  is  possible  that  a  sharp  increase  of  the  number 
of  fragments  of  crystals  of  styphnic  acid  at  temperatures  above  500°  is  connected 
vjith  the  achievement  of  conditions,  with  which  occur  qualitive  changes  in  their 
structure,  as  a  result  of  vrtiich,  the  sensitivity  of  crystals  of  this  explosive 
to  thermal  shock  is  shai'ply  increased.  Crystals  of  trotyl,  picric  acid,  tetryl, 
dyne  and  ammonium  perchlorate  are  distinguished  by  high  thermostability.  Even 
at  furnace  temperatures  of  1000  —  1100°,  the  crystals  of  these  substances  viere 
crushed  not  more  than  into  5  —  7  fragments.  On  dyne  crystals  there  appeared 
cracks  at  300  600°,  at  higher  temperatures  occurred  melting  of  crystals  of 

this  substance. 

It  was  interesting  to  estimate  thermostability  of  explosive  crystals  at 
high  temperatures,  near  to  those,  which  lead  to  ignition  of  a  crystal  during 
its  fall  through  the  furnace.  A  flash  was  observed  for  hexogene,  octogene, 
potassim  picrate,  styphnic  acid  and  lead  styphnate.  Due  to  the  large  nundjer 
of  fragments  and  melting  drops  near  the  flash,  an  estimate  of  thermostability  by 
the  number  of  fragments  in  this  case  is  less  reliable;  however,  at  least,  for 
crystals  of  hexogene  (Fig,  2)  the  number  of  fragments  upon  an  increase  of 
furnace  temperature  up  to  the  flash  (900°)  continued  to  increase  approximately 
the  same  as  at  lower  temperatures.  Small  (4-  —  5  milligrams)  crystals  of  lead 
azide  were  not  cracked  at  a  furnace  temperature  of  550°  and  were  exploded  at 
600°.  Up  to  the  flash  at  700°  crystals  of  load  styphnate  were  not  cracked 
also.  One  should  indicate  t|iat  the  hexogene  crystals  near  to  it  in  weight  in 


thise  0«idition8  crushed  into  1-5  20  frAgratnts, 

In  the  preceding  experimwits  thenaoetability  of  large  eaplosive  cryst^e 
me  studied*  In  actual  conditions  >re  deal  >dth  email  eryetale  and  their 
fragments*  It  vas  interesting  to  study  the  influence  of  the  dimensions  of  the 
crystals  on  the  intensity  of  their  splitting  under  ,  the  action  of  thermal  Shock, 
i  At  a  furnace  temperature  of  500  and  700®  was  studied  the  thermostability  of 

i 

crystals  of  TE2J  and  hexogene  of  different  dimensions.  According  to  the  adopted 
methodology,  as  a  measure  of  sensitivity  to  thwmal  shock  served  a  nun^r  of 
fragments,  formed  during  splitting  of  a  crystail*  In  the  beginning  was  calculated 
the  specific  surface  of  a  crystal  (cn^/g),  assuming  that  it  has  the.  form  of  a 
sphere  and  the  corresponding  weight.  The  same  way  was  determined  by  calculation 
the  specific  surface  of  fragments  after  the  eaqjeriment.  j^e  dependence  of 

i 

intensity  of  splitting  on  the  dimensions  of  crystals  (calculated  diameter  of  a 
sphere)  of  TEN  and  hexogene  at  a  furnace  temperature  of  500  and  700®  is  depicted 
in  Fig*  3  (graph  a).  Here  is  shown  the  increase  of  specific  surface  as  a  result 
of  splitting  the  crystals  at  a  furnace  temperature  of  500®  (graph  b).  At  all 

i  studied  dimensions  of  crystals,  hexogene  yielded  more  fragpsents,  than  TEN* 

) 

j 

However  this  distinction  is  decreased  with  the  increase  of  dimensions  of  the 
crystals.  Thus,  upon  splitting  of  cryctals,  having  a  diameter  of  approximately 
1  mm,  hexogene  yields  5«5  times  more  fragments,  than  TEN  with  an  increase  of 
diameter  to  4  ran  this  ratio  is  decreased  up  to  2*5  tiroes.  The  absolute  increase 
of  surface  for  small  crystals  is  greater  than  for  big  ones.  At  the  same  time,  a 
relative  increase  of  specific  surface  increases  >dth  an  Increase  of  the  dlmenelons 
of  the  original  crystals. 

The  data  obtained  during  the  study  of  thermostability  of  crystals  of  different 
explosives,  show  that  the  latter  are  greatly  distinguished  in  this  respect. 
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Fig,  3,  Influence  of  dimensions  of  explosive  crystals  on  intensity  of  their 
splitting  under  the  action  of  thermal  shock, 

1)  Number  of  frawontsj  2)  Hexogene;  3)  TENj  k)  Calculated  dieter  of 
crystal  in  ram?  5)  Change  of  specific  surface  after  experiment;  6)  Calculated 
diameter  of  crystal  in  ram j  7)  Swcific  surface  of  crystal  before  experiment 
Scr  cm2/g}  8)  A  S==Sfrag~Scr  /”cn^/gI7» 

It  is  interesting  to  conqjare  the  sensitivity  of  a  substance  to  thermal  shock 
with  the  stability  of  burning  it  under  increasing  pressure.  For  that  we  studied 
burning  of  an  explosive  in  a  steel  glass,  covered  with  a  lead  disk,  cut  after 
achievement  of  a  determined  pressxire  C'^J •  The  critical  thickness  of  the  disk 
was  determined,  with  which  occurred  splitting  of  the  tube,  near  the  explosive. 

If  the  thickness  of  the  disk  is  less  than  critical,  then  only  its  extraction  is 
observed,  besides  sometimes  burning  of  the  remaining  charge  is  stopped.  In  one 
of  the  exper^Jtnents  after  extracting  the  disk,  a  large  part  of  the  charge  (nearly 
70^),  consisting  of  hexogene  crystals  of  5  —  7  m,. remained  in  the  tube.  To  the 


splitting  yt?#  subjscttd  erjhitftl*  ©f  the  ^p«p  lay*^  of  the  ohetfft* 


directly  touching  the  products  of  burning  of  the  ignitwA.  Ciyetele,  lying  in 
the  depth  of  the  charge,  remained  without  change.  Below  are  the  results  of  a 
screen  analysis  of  that  part  of  a  charge  of  hexogene,  that  remained  in  the  tube 


after  ceasing  of  burning. 
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l)  Diiaensions  of  crystals  in  mj  2)  Weight  of  fractioi  in  gj;  3)  Contents  in 
%  by  weight;  4)  from  5  to  7;  5)  Before  eoqxjrimenti  6)  Aftetr  experiment; 

7)  from  3  to  5;  8)  from  2  to  3j  9)  from  1  to  2;  10)  frcaa  0.5  to  1;  11) 
less  than  0.5* 


Burning  of  TENf  and  hexogene  (ddinensions  of  crystals  approximately  0.25  an) 


changes  into  an  explosion  at  a  thickness  of  the  lead  disk  of  1*1  nn.  It  is 
I  possible  to  assxane  vdiat  the  application  to  the  surface  of  a  crystal  of  a 

j 

j  film  of  inert  substance  will  decrease  the  sharpness  of  heating,  cracking  and 

I 

1  consequently,  the  inclination  to  transfer  burning  into  explosion.  Indeed,  our 

I  2 

I  experiments  showed  that  burning  of  TEN,  containing  4*3^  f  le^tiser  ,  distributed 

j 

;  on  the  surface  of  the  crystals,  changes  into  an  explosion  only  at  a  thicknese  of 

I  the  lead  disk  of  less  than  5  cm,  and  hexogene  with  the  same  quantity  of  flegma- 

f 

I  tizer,  does  not  yield  an  explosion,  even  if  the  tube  is  covwred  by  a  steel  disk 
j  6  mm  thick.  The  inclination  to  transfer  burning  to  an  ea^oeion  is  greatly 
*  lowered  only  in  a  case,  if  a  flegmatizer  in  the  form  of  a  film  covers  the  surface 


a  given  case,  splitting  of  crystals  occurred  not  under  the  influence  of 
a  jump  in  pressure  (nearly  10  technical  atmospheres),  since  the  experitamita 
showed  that  in  hexogene  crystals  any  changes  at  thorou^  sharp  pressure  of  them 
to  a  pressure  of  70  technical  atmospheres  and  subsequent  sharp  fall  of  jn^ssure 
are  not  observed. 

%s  a  flegmatizer,  a  mixture  of  stearin  and  cerSfain  ms  used, 

"‘  srj'f  » 


of  th®  cryataia^  Simple  addition  to  hescogene  of  an  inert  substance,  for  example, 
'starch  in  a  quantity  of  leads  to  an  increase  of  the  critical  thickness  of 
the  disk  only  up  to  1.5  mm  (instead  of  1.1  nrni  for  hexogene  without  additions). 

All  these  data  confiinn  the  fact  that  an  increase  of  the  surface  of  crystals  as  a 
result  of  cracking  pl^s  an  essential  role  during  transition  of  burning  of  a 
powdery  e:q>losive  under  increasing  pressure  to  an  explosion. 

Conclusions 

1.  A  method  of  estimating  sensitivity  of  explosive  crystals  to  thermal 
shock  accomplished  by  heated  gas  was  developed. 

2.  The  sensitivity  to  thermal  shock  of  crystals  of  a  number  of  explosives 
at  furnace  temperatures  of  300  —  1100®  was  determined.  The  most  inclined  to 
cracking  are  crystals  of  hexogene  and  potassium  picrate.  Crystals  of  trotyl, 
prcric  acid  and  tetryl  are  not  very  sensitive  to  thermal  shock* 

3.  The  influence  of  dimensions  of  crystals  of  TEN  and  hexogene  on  their 
sensitivity  to  thermal  shock  at  a  furnace  temperature  of  500  and  700®  was  studied. 
V/ith  an  Increase  of  the  dimensions  of  the  original  crystals  this  sensitivity 
increases . 

4.  The  obtained  data  were  compared  to  certain  regularities,  observed  upon 
transition  of  a  burning  explosive  in  a  closed  vessel  to  an  explosion. 
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^^ndjdureofhexogene  with  9^  starch  has  the  same  speed  and  calculated 
temperature  of  burning  as  does  hexogene  with  4.3^  flegraatiaer. 


%  •  > 

W-63-254 

Chtpitr  3  Articlt  37 
ngm  534-539 


K,  K.  Andreyev 

37 «  CoRceming  the  Qtteetion  of  llr&naition  of  Bumimt  of  lixBl<aiiYe8  to  Sqd.o- 

•ioci» 

An  essential  peculiarity  of  an  esqpli^ive  is  the  fact  that  in  their  cheidcal 
transfonnation  heat  will  enanate  and  gases  will  be  foxned.  At  the  sane  tisw  this 
transfomaticai  can  be  accelerated  by  heat  (if  its  separation  leads  to  an  increase 
of  tenperature)  and  gases  (if  their  fomation  leads  to  increase  of  pr«atura>  and 
the  transfomation  proceeds  -in  the  fom  of  burning).  However  along  with  these 
factors,  accelerating  the  process,  are  factors,  counteracting  acccOLeration.  'Ski* 
in  the  first  case  is  the  heat  supply  in  i&he  outside,  decreasing  the  increase  of 
tenperature  and  in  the  second  case»<-the  gas  suj^^ly,  leading  to  lowering  of  pretsure* 

If  the  influ«ice  of  those  uid  other  factoro  is  balanced,  then  the  speed  of 

I  the  process  increases  only  to  a  certain  equilibrium  value*  If  the  factors  of  ac~ 

! 

I  celeration  prsdcndnate,  then  the  speed  of  chonical  transfomation  does  not  rensitt 
on  this  limit,  but  continues  to  grow,  striving  for  its  cwn  Mudjaafi. 

At  hctoogeneous  flow  of  chemical  transformation  in  the  entire  vblumieof  explo¬ 
sive  charge  this  occiirs,  if  the  speed  of  heat  liberaticn  bee  ones  greater  and  grows 
with  temperature  faster  than  the  speed  its  supply  to  the  enidreMBMit.  Then  the 
temperature  of  the  explosive  grows,  correspondingly  is  increased  the  si»ed  of 

i  , 

Itransfomaticn,  and  it  can  be  oompd-eted  by  ei^osion. 

Let  us  imagine  a  burning  charge  of  powdery  explosive  with  a  certain  specific 

;  internal  surface,  and  burning  occiurs  on  all  this  surface.  If  the  speed  of  foma- 

tiem  of  gases  is  greater  than  the  speed  of  their  feed  bi^cnd  the  charge,  thiWi  such 

burning  becomes  self -accelerated.  Pressure  in  the  ch^g®  ipexws  and  correspciidingly 

nor  ( 

pY 


the  iKtrRing  rete  is  increased. 

At  thenaal  self-^acceleraticm  (me  oX  the  sudn  parameters  is  the  size  of  the 
charge.  Heat  arrival  is  proporticmal  to  the  cube  of  the  size,  heat  discharge 
(dxiring  c(3nvecti<xi  heat  exchange)  —  its  square.  Therefore,  in  increasing  the 
size,  of  the  charge,  we  can  always  to  arrive  at  its  critical  value,  above  i4iich 
the  process  will  b^ome  self-accelerated.  In  exactly  the  same  way  and  at  burning 
in  considered  eonditions,  when  the  quantity  of  generated  gases  is  proportional  to  the 
voliBie  of  the  charge  (at  a  given  specific  internal  surface  of  the  explosive),  and 
their  quantity  is  diverted  —  its  siirface,  should  be  a  certain  critical  size,  upcm 
exceeding  which  the  speed  of  gas  generatlcxi  becomes  greater  than  the  speed  of  gas 
discharge. 

Another  main  paramet-jr  at  homogoieous  passage  of  chemical  transformation  and 
its  thermal  self-acceleration  .‘.a  the  initial  temperature,  which  determines  the 
original  speed  of  the  reaucion,  and  consequently,  the  speed  of  heat  liberation. 

At  thermal  appearance  of  an  explosion  the  critical  values  of  both  shown  parameters 
(size  of  charge  and  initial  temperature),  as  it  is  known,  are  mutually  connected. 

When  the  reaction  occurs  in  the  fom  of  burning,  such  a  second  parameter,  on 
which  also  depends  the  critical  size,  is  the  initial  pressure.  This  pressure  de¬ 
termines  the  burning  rate,  and  consequently,  the  initial  speed  of  gas  formation. 

The  specific  surface  of  the  substance,  plays  the  same  part  as  pressure,  since  the 
speed  of  gas  formation  is  equal  to  the  product  of  the  burning  rate  on  its  actual 
surface. 


The  Main  Conditions,  Necessary  For  the  Appearance 
of  Self -Accelerated  Burning  of  Powdery 
Explosives 

There  is,  hcwever,  an  essential  distinction  between  both  mechanisms  of  develop¬ 
ment  of  the  self-accelerated  transformation  with  respect  to  their  excitation. 

In  order  that  thermal  self-acceleration  of  the  p^ess  occurs,  a  sufficimxt 


*r  jt.  fly 


I  w^lotiY*  ohtvg«  of  &  cortAlA  sis*  is  h*at«d  to.  s  corUin  tiiiptrstt^. 

In  oxii*r  that  th*  «qx!^iqa  occurs  by  assns  of  burning,  *  sttffici*ntl|:  i^f* 
ehtrg*  it  r^tetsstry,  consisting  of  t  s«t  of  ptrtiol**,  hcstsd  throughout  its  inr- 
t«m«l  surf  SCO.  This  is  not  so  sisfle  to  ensur*.  If  spociflc  surf  sc*  is  gr«st, 
i.  *.  th*  diiMnsions  of  the  particles  sodl  i^ps  between  th«s  sr*  saall,  th*  problea 
is  conplicatsd  still  nor*.  Iiiien  we  light  a  charge  frca  without,  then 
•specially  id.th  small  gas-penetrability,  is  sither  limited  by  the  aacrosurface  of 
th*  charge,  or  penetrate*  into  it  only  at  a  snail  depth.  Hi  local  igniting  fi^cci 
:  within  of  a  powdery  charge  a  large  part  of  the  ex|losive,  surrounding  the  focus 

i 

I 

of  igniting,  is  scattered  by  uni^piiting  from  the  increase  of  pressure^  caused  by 

i 

burning,  starting  in  the  focua* 

Burning  cari  penetrate  into  the  depth  of  a  powdery  charge  in  two  cases. 

1*  Buxning  of  an  explosive  occurs  with  great  speed,  due  to  which  on  the  sur¬ 
face  of  the  charge  will  be  formed  a  significant  dynamic  increase  of  prMOure. 

' 

Along  with  this  the  chemical  reactions  proceed  quickly  and  already  at  lew  pressures 

I  will  be  formed  products  of  complete  transformations,  having  high  temperature,  i.  e. 
a  great  igniting  ability.  The  third  condition,  in  a  known  measure  ceadpined  with 
the  first  two,  is  the  hi^  inflammability  of  the  exflosive. 

If  these  conditions  are  fulfilled  in  a  sufficient  measure,  then  even  at  con¬ 
stant  and  low  pressures  burning  penetrates  into  the  depth  of  the  porous  charge  and 
I  can  change  into  esqplosion.  Precisely  thus  is  the  matter  in  the  case  of  initiating- 
I  explosives. 

I  Secondary  explosives  do  not  satisfy  the  conditions  guaranteeing  the  transition 
I  of  burning  at  low  constant  pressures  to  explosion*  First  of  all,  conversion  of 
I  these  &2q^osives  during  burning  occurs  comparatively  slowly  and  at  atmosjpiitric 
j  pressure  is  not  completed,  due  to  which  the  temperature  of  the  prodrusts  of  tbeir 


STOP 


burning  is  waoh  Itsfcr^  than  at  full  converaion  attainad  at  high  lartasuraa.  Sacond— 
ly,  the  burning  rate  of  secondary  esq^Losives,  and  consequently^  the  dynamic  increase 
of  pressure  on  the  burning  front  is  significantly  less  than  in  initiating  eaqxLoeives. 
Thirdly,  their  inflamability  is  less. 

In  burning  under  increased  constant  pressures,  created  by  placing  an  inert  gas 
into  the  cylinder  before  igniting  the  explosive,  the  reacticais  proceed  faster  and 
more  ecmplete,  the  burning  rate  is  also  greater,  but  penetration  of  gases  into  the 
depth  of  the  charge  and  ignition  by  them  of  particles  of  the  explosive  prevents 
cooling  by  the  inert  gas  idiich  is  diluting  the  explosive. 

2,  The  most  real  method,  ensuring  burning  of  a  powier  charge  on  the  entire 
internal  surface,  consists  of  igniting  the  explosive  in  a  closed  vessel,  in  idiich 
burning  takes  place  under  increasing  pressure,  forcing  the  gaseous  products  to 
penetrate  into  the  depth  of  the  powder. 

The  greater  the  resistance  of  the  walls  of  the  vessel,  determining  maxijauai 
pressure,  which  can  be  attained  in  it,  the  thicker  the  layer  of  substance,  into  which 
burning  can  penetrate.  If  this  layer  is  thicker  than  critical,  then  further  growth 
of  pressure  in  it  no  longer  depends  on  the  presence  of  a  cover  (let  us  imagine  that 
it  disappeared  in  that  moment,  when  burning  enveloped  the  surface  of  the  charge), 
but  occiira  iamanently,  beiig  determined  by  those  parameters,  that  were  mentioned 
above.  Thus,  the  role  of  resistance  of  a  cover  in  igniting  in  a  closed  vessel 
consists  not  so  much  in  the  fact  that  this  resistance  affects  (through  pressure) 
the  fullness  of  transformation,  the  distance  fresa  the  sm’face  of  the  charge,  <xi  idiich 
this  fullness  will  be  attained,  and  on  the  burning  rate,  as  imuch  in  that  it  deter" 
mines  the  depth  of  penetration  of  gases,  and  together  with  th«&,  burning  and  thick¬ 
ness  of  the  charge. 

1  Temperatures  of  toning  atmosphex’ic  pressure  by  calculation,  based  on  the  - 
final  composition  of  gaseous  products  of  burning  and  for  certain  explosives  approxi¬ 
mated  (due  to  the  lack  of  heat  of  foimtion  of  coiaiensed  products),  comprise  for 
trotyl  approodiaately  2000°,  tetryl  -  2U00  ,  hexogene  -  3^®#  merciuy  fulminate  - 
3900”,  diaaodinitrophenal  -  3300®  and  potassium  picrate  -  2800®  K. 


I  It  it  kotifti  turning  of  ceritin  tsqplotivtt,  for  tooWisXt,  TEN  ind  ktssogm*, 
upon  ignitiniii  th«i  in  a  doted  iretttl  cbtngtt  into  an  tsqplotion  such  tati^  with  a 
loiftr  durability  of  the  cover,  than  nany  other  exploeivea,  for  exanple,  tetryl  or 
trotyl.  At  the  t«Me  tine  the  difference  in  apeedt  of  their  burning  etpecialiy  at 
Boderately  increated  preaauree)  ia  not  so  great  in  order  to  esxplain  this  dietinction. 
The  distinction  in  tosperatures  of  burning  of  these  eubetancet  is  great  and,  appar- 
ently,  it  plays  a  decisive  role. 

idditioR  of  snail  quantities  of  aluainuii  to  awcnima  salt  of  ax^  acids,  capa¬ 
ble  of  intraaolecular  coddation,  very  aharply  increases  the  inclination  of  burning 
to  transition  to  eocplosion^,  in  spite  of  the  fact  that  the  speed  of  nozaal  burning 
of  these  salts  fron  the  addition  of  alxadnua  is  not  increassd.  !Qie  influencs  of 

f 

i  aluaiinus  in  the  given  case  is  concluded  obviously  in  the  increase  of  teeperature 
of  products  of  burning  on  its  initial  stage  the  hotter  the  gasee  penetrating 
into  the  powder,  the  easier  its  particles  ignite* 

It  is  interesting  that  a  clear  parallelisn  is  observsd  between  the  inclination 
of  buznlng  to  transition  to  detonation  and  the  detonational  ability  of  a  powdery 
ajqsloeive.  Apparently,  penetration  of  gaseous  products  of  burning  into  the  depth 
I  of  the  charge  plays  an  essential  role  cot  only  in  the  appearance  of  detonation,  but 
I  also  with  its  stationary  propagation. 

I 

I  The  Value  of  Idjaensions  of  Particles  of  Powder 

Explosives  «nd  Certain  Other  Factors 
I  In  the  Penetration  of  Burning 

i  Into  the  Depth  of  a  Charge 

The  role  of  sttgoitude  of  burning  of  a  surface  as  a  factor,  detemining  the 
speed  of  gas  fomatiem,  does  not  require  loqplasations.  In  order  to  ensure  the  hip¬ 
est  speed  of  foxHation  fro»  a  unit  of  volraiie  of  the  chari^  it  is  desirable  that 

the  eotalosiye  particles  are  very  snail..  However,  then  j^iMtraticn  of  gasee  into 

X  Dsttmatioruil  ability  is  increased  also  critical  diasest^  of  detonation  is 
greatly  decreased. 


4  - 


thd  dtpth  oi  the  cherge  is  haapel^ed  beeidea^  thej  are  sore  strongly  cooled. 

All  this  interferes  coverage  by  biiming  of  the  internal  surface  of  the  charge  es- 

peciaHj,  if  it  is  great.  The  most  favorable  for  transition  of  Imming  to  axplo- 

not/ 

sion  is  that  case,  when  explosive  particles  are  /  too  siaall,  the  gases  penetrate 
deeply  Bjnd  their  heat  Suffices  in  order  to  ignite  the  entire  irdtial  surface.  After 
this  as  the  surface  i#as  heated,  the  particles  spontaneously  arc  crushed  by  moans  of 
crackij^g,  for  example,  as  a  result  of  thermal  shock.  Then  both  conditions  are  encuT'- 
ed,  favoring  accelerati<m:  igniting  the  entire  voliane  and  the  large  surface  of  burn¬ 
ing^. 


If  the  transformation  quickly  approaches  the  final  products,  then  the  surface 
of  a  solid  explosive  is  in  contact  vdth  gases  of  extraordinarily  high  temperature. 
This  creates  specially  favorable  conditions  for  increasing  the  surface  of  burning 
as  a  result  of  cracking  of  particles.  It  is  possible  that  precisely  such  conditions 
are  realized  in  the  case  of  lead  azide  and  explosives  similar  to  it. 

It  is  possible  to  imagine  also  a  negative  influence  of  cracking  <m  the  develop¬ 
ment  of  the  process.  If  it  occ\3ra  too  easily  and  quickly  during  penetration  into 
a  charge  of  the  first  portions  of  weakly  heated  gases,  then  the  dimensions  of  the 
particles  and  pores  are  decreased  which  can  hamper  further  penetration  of  gases. 
Along  with  this  the  cracking,  leading  to  baring  of  a  great  surface,  can  lead  to 
too  strong  cooling  of  gases  with  corresponding  consequences. 

One  should  note  one  circumstance,  complicating  ''internal”  igniting  in  the  case 
of  small  particles.  Gas-penetrability  of  powder  in  this  case  is  small,  pressure  of 
gases  will  be  levelled  in  the  thickness  of  the  substance  slowly,  a  jaressure  gradi¬ 
ent  will  appear,  under  the  influence  of  idiich  the  powder  can  be  packed.  This 
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1  Increase  of  surface  as  a  result  of  cracking  was  observed  in  experiments  at  i£ 

low  aisd  moderately  increasoi  pressures.  Large  pansssures  are  able,  in  cmprmMing 
the  particles,  to  prev®it  divergence  of  the  f regents  formed  duri:^  cracking  and  2 

thus  hamper  growth  of  effective  surface  of  burning.  si 

fi 
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packing  idll  b«  •sqa'Maed  more  strongly,  (at  a  givsn  goa-psaatrability)  tha  last 
dmsity  of  tha  substanca,  the  aasiar  it  is  packad,  tha  largar  and  tha  faatar  gtcm 
the  prassure  of  tha  prodxictS  of  burning  of  tha  ignitar. 

Lat  us  ccnsidar  still  cartain  phcsionana,  appearing  in  tha  wida-spraad  Bwthod 
of  igniting  of  a  powdery  charge  ^  in  a  closed  or  aaci-closad  vassal,  significantly 
conplicating  tha  picture. 

Hot  gases  of  the  igniter^  arrive  in  contact  with  tha  open  and  of  tha  charge 
and  heat  the  explosive  from  the  aiirfaca.  In  fui'thar  davalopmant  of  the  process, 
an  essential  influence  is  rendered  by  the  relative  dwxsity  of  the  ignited  subetance. 
If  the  explosive  is  pressed  to  a  great  density,  then  the  action  of  gases  is  limited 
by  ignition  of  the  charge  from  the  surface ,1  If  ite  relative  density  is  not  so  great, 
i.  e.,  if  between  particles  there  are  significant  gaps,  then  the  gases  penetrate 
intr  "he  depth  of  the  charge,  heating  with  this  particles  of  the  explosive.  The 
gases  themselves,  by  measure  of  their  deepening  in  the  charge  are  naturally  cooled. 
Correspowiing  to  the  different  temperature  of  gases  by  depth  of  penetration  alto 
their  action  then  on  particles  of  the  eaqplosive,  will  be  distinguished.  Schwati- 
cally  it  is  possible  to  separate  throe  tones  from  the  external  surface  of  the  charge 

in  depth. 

In  the  first  of  them,  nearest  to  the  end  of  the  charge,  the  gates  are  suffici¬ 
ently  hot  in  ordsr  to  quickly  ignite  the  particles  from  the  eurftce.  The  paiticles 
ignite  in  this  case  after  heating  of  a  thin  surface  Ityer  of  the  eubttance  and  bum 
with  normal  speed  similar  to  how  grains  of  powder  bum  in  firing  or  in  conventional 
experiments  in  a  manometric  cylinder. 

1  The  explosive:  is  located  in  a  case  open  on  one  end,  made  from  a  material  idiich 
is  inccmbustible  in  the  given  conditions,  installed  in  a  container. 

Z  It  is  obvious  that  such  a  role  can  play  products  of  bumixtg  of  the  actual  esq^o- 
sive.  If  the  igniter  of  gases  will  not  fom  (for  example,  incandescmat  wire),  thm 
fraa  the  very  beginning  of  burning,  and  If  the  igniter  is  gat  typo,  than  after  a 
certain  time,  penetration  of  heat  into  the  depth  of  the’  charge  is  accomplishid  by 
flltratimi  of  gm<mm  products  of  burning  of  the  actusl 
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In  th«  McoRd  sone  the  gases  are  colder  and  wam»up  of  ejqplos:.'‘'^2  *  -.los 
occurs  slower.  Ignition  occurs  with  a  certain  delay  and  to  tho  Sicai^ni.  of  origination 
of  burning  the  particles  succeed  in  being  heated  ccnpletel^  or  at  least  to  a  signi¬ 
ficant  depth.  In  connection  with  this  burning  proceeds  faster  than  if  noidieated 
particles  were  burned,  and  the  speed  of  gas  foraiation  is  higher  than  at  normal  for 
given  initial  temperature  and  pressure  of  the  burning  rate  on  the  same  surface. 

Here  a  case  is  also  possible,  when  a  particle  to  the  moment  of  its  ignition  from 
the  surface  was  heated  to  so  high  a  temperature  that  in  it  occurs,  along  with  burn¬ 
ing  from  the  surface  a  quick  volume  reaction.  The  total  speed  of  transfomation 
and  gas  formation  In  this  case  will  be  the  highest. 

Finally,  in  the  third  zone  gases  were  cooled  so  much  that  they  no  longer  in  a 
state  to  ignite  particles  from  the  surface.  However,  these  gases  can  warm  the  ex¬ 
plosive  so  much  that  at  a  sufficient  thickness  of  heated  layer  in  it  with  a  corres¬ 
ponding  delay  will  appesar  a  thermal  explosion.  If  the  explosive  melted,  then  bum- 
up  can  lead  to  melting  and  agglomeration  of  particles,  leading  to  a  decrease  of  the 
internal  surface.  These  phenomena  are  especially  essential  in  the  case  of  an  ex¬ 
plosive  with  a  low  temperature  of  melting.  If,  however,  the  charge  is  melted  com¬ 
pletely  or  in  general  a  sufficiently  thick  layer  of  liquid  is  formed,  then  transi¬ 
tion  from  solid  to  liquid  state  can  be  done  possibly  with  new  ways  of  acceleration 
of  burning.  It  is  known  that  for  certain  liquid  eaplosives  (for  example,  nitro¬ 
glycerine,  nitroglycol)  igniting  in  a  closed  container  easily  leads  to  explosian. 

Conclusions 

The  principal  analogy  between  the  possibility  of  acceleration  of  a  homogeneous 
exothermal  transformation  in  an  explosive  charge  and  burning  of  this  charge  on  the 
internal  surface  la  considered.  On  this  basis  the  most  important  ccnditiona  deters 
mining  the  possibility  of  transition  to  explosion  of  burning  of  solid  explosives, 
in  the  first  place  powder  types,  were  established. 

s-.T 
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IV.  VARIOUS  INVESTIGATIONS 
A.  A.  Shidlovskiy 

38.  Water  as  an  Oxidizer  in  Reactions  V/ith  Inorganic  Substances 

I  It  is  well-kno^m  that  water  represents  a  very  dumble  chemical  compound: 
the  heat  of  formation  of  liquid  water  equals  68.32  kcal/g-aole  and  of  water  vapor, 
57.80  kcal/g-mole.  It  is  known  also  that  exothermal  reactions  of  water  with 
I active  (alkaline  or  alkali  earth)  metals  proceed  easily  even  at  room  temperature. 

I  Earlier  we  established  /~3l7>  C^J  ^  conditions  of  high  temperature  and 

I 

pressure  the  reaction  of  interaction  of  water  with  such  metals  as  magnesium 
or  aluminum  can  proceed  in  the  form  of  burning  or  explosion. 

I  Water  with  this  executes  the  role  of  the  oxidizer  —  the  receiver  of  electrons. 

But  oxidizing  properties  of  water  can  be  developed  in  other  reactions;  during 
its  interaction  with  nonmetals  possessing  noticeably  expressed  reducing  pro¬ 
perties,  and  also  with  the  lowest  oxides  of  certain  metals, 

Highly  exothermal  effects  accompany  the  reaction  of  interaction  of  water 
with  boron  and  silicon^. 

(2) 


) 


Heat  of  reactions  in  all  cases  was  calculated  by  us  on  the  basis  of  data  on 
A  H298  of  reference  book  £jij.  During  the  coiirse  of  reacticns  (2)  and  (3) 
hydrides  of  boron  or  silicon  can  be  formed  side  by  side  with  h;^rog«n. 


'7(^-3 


Rwctiai  (2)  proceeds  only  at  temperature  of  red  incandescence,  reaction  (3) 
also  at  room  temperature,  if  in  the  water  there  is  a  certain  quantity  of  alkali 

Interaction  of  water  with  phosphorous,  expressed  by  equation 


^  -  PlgciT#  IHi+  li  kcu  (4) 

would  be  accompanied  by  the  emission  of  a  comparatively  small  quantity  of  heat 
(q  =  118  kcal  per  kg  of  mixture  of  reacting  substances) . 

It  is  known  that  at  ordinary  conditions  the  system  (H2O  +  P)  is  sufficiently 
chemically  stable.  However,  the  course  of  the  secondary  exothermal  reaction 

^^cry#  (5) 


gives  additional  heat  and  in  connection  with  this  the  reaction  ability  of  the 
system  (H2O  +  P)  is  increased. 

As  is  known,  the  reaction 

4Hjp  Hq  -4-  P  ^  « 

(6) 

(q  =  320  kcal/k^has  found  in  truth  comparatively  recently,  industrial  application 

A7. 

The  interaction  of  water  with  carbon  is  an  endothermic  process: 

-f  Hi  ~  »l  kOAl 

and  therefore  practically  is  realized  only  at  high  temp©r«lKlre3 .  Also  endothermic 
and  therefore  more  difficult  to  realize  would  be  processes  of  interaction  of  water 
with  nonmetals:  As,  Se,  and  Ta  —  for  wcample, 

koU  (8) 

Our  calculations  show  that  the  reaction  of  oxidation  by  water  (liquid)  of 


Y 


loMst  oxides  of  certain  aetals  can  proceed  with  heat  liberation;  for 
[exaciple, 


(ID) 


It  is  possible  that  the  process  of  oxidation  by  water  of  gveuanlvn  oxide 

(GeO)  to  the  dioxide  will  also  be  exothermal;  calculations  here  cannot  be  per- 

formedj  since  in  thermochemical  reference  books  do  not  obtain  value  of^H 

for  Ge© 

■  crys 

!Ri,ssing  to  consideration  of  the  interaction  of  water  with  the  lowest  oxides 
of  nonmetals,  we  will  indicate  first  of  all  the  weH-known  reaction 

kcal 

Especially  important  is  the  oxidation  of  sulfur  dioxide.,  the  reaction 

HiOliq.  i+  SOtg^r  Hi — »  kcal 

is  endothermic,  as  is  the  reaction 


•^>,*5+  SO^gO*  SO*ci^  •‘r-**  kcU 


(13) 


However,  the  secondary  exothermad  reaction 

^V^Va^T  HiSO<  liq’^^.kcal 

leads  to  the  fact  that  the  interaction  SO2  with  a  surplus  of  water  vapor  is 


(04) 


an  exothermal  and  therefore  more  easily  realizable  proceds: 

•4cOta^*^iar*^**9«liq  kcid 


(15) 


Heat,  emanating  dxiring  the  hydration  of  sulphuric  acid  by  a  surplus  of  water, 
vapor,  should  still  increase  the  exotherteic  nature  of  this  reaction. 


,iOf- 


'  At  the  same  time  one  can  hardly  trust  to  obtain  hydrogen  as  a  result  of  the 

interaction  of  sulfur  dioxide  with  water  vapor,  since  H  will  reduce  the 
j  surplus  SO2,  turning  it  to  lulfur: 

j  »|»+SQ*«fH|C^p4.Sj.j^4Skeal 

I 

! 

i 

1 

t 

,  and,  consequently,  the  total  reaction  between  water  vapor  and  sulfur  dioxide 

I 

! 

i  will  be  expressed  by  the  equation 

W|0TO^IS0ig,r*H|S04viq +Ser^  keia  (17) 

j 

'  According  to  Barnet  and  Wilson  their  words)  complicated  and 

little  intelligible  reaction  of  disproportionation  proceeds  at  150®,  We  propose 
that  the  mechanism  of  this  reaction  can  be  explained  by  the  consecutive  flow  of 
reactions  (15)  and  (16). 

One  should  note  also  that  water  vapor  can  play  the  role  of  oxidizer  also 
in  reference  to  other  classes  of  chemical  compounds,  for  example,  the  hydrides  of 
many  metals  and  certain  nonraetals  (SiH/^j  PH3),  the  borides  and  silicides  of  many 
metals,  etc. 

From  the  above  it  appears  that  water  can,  especially  at  increased  tempera¬ 
tures,  take  a  very  active  part  in  very  different  chemical  reactions  between  in¬ 
organic  substances.  It  is  possible  that  the  most  exothermic  of  the  reactions 
described  above  —  for  example,  reactions  (2)  and  (3)  — ^with  selection  of  the 
proper  conditions  of  temperature  and  pressure  can  be  realized  in  the  form  of 
processes  of  burning  or  explosion. 
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39.  Broadening  of  Region  of  AppUcation_Qr_tb^mermoch^cal..Lav  of 
Constant  Differences  Precomputation  of  Unknovn  Heat  of  Foimtion  of  Salts 


In  the  work  of  A.  F,  Kapustinskiy  and  our  £"k^  is  shovm  the  possibility 
of  application  of  the  therraocheinical  law  of  constant  differences  for  approximate 
calculation  of  the  heat  of  formation  of  solid  inorganic  compounds. 

Continuing  this  work,  we  compared  in  pairs  the  heat  of  formation  27  pairs 
of  crystalline  salts  of  potassium  and  ammonium.  Corresponding  data  of  this 
comparison  are  given  in  Table  1,  The  heat  of  formation  of  the  majority  of  salts 
we  took  from  reference  book  C^jl»  salts  with  anions  S2P^7  ^4*"*  MgSO^.bHgO 
and  Z”Fe(CM^]]7^~*3H20  —  from  reference  book  iodate  of  ammonium  the 

value  of  the  heat  of  formation  was  found  experimentally  ChJ *  Bata  on  the  heat 
of  formation  of  aqueous  solutions  were  taken  for  dilution  00,  or  if  there  were 
no  such  dnta,  for  maximum  dilution.  As  can  be  seen  from  Table  1,  the  mean 

deviation  from  the  difference  of  28.4  kcal  for  crystalline  salts  of  potassium 

* 

and  ammonium  constituted  ^2  kcal/g-^l^v*  These  deviations  are  distributed,  by 
magnitude  as  follows. 

Deviation  in  kcal  Number  of  comparisons 

from®  to  i  . 

from  t  to  2  ♦ 

from  ^  to  3  •  ‘8 

from  tto  4  8 

froKi4to8  •  ■  2' 

The  greatest  values  of  deviation  are  given  by  anions: 

F-’~-5.5  kcalj  ClOJ+5.8  kcal. 


i 

1 

< 

i 


f 

i 


I 
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Since  for  aqueous  solutions  of  salts  of  potassium  and  ami»nium  the  meau 
difference  in  the  heat  of  formations  constitutes  28,4^«3  kcal  (see  Table  l)  and 
the  greatest  deviation  does  not  exceed  ^*9  kcal,  it  is  evident  that  the  si^dfi- 
cant  deviations  for  the  ions  F*  and  ClOj^  are  connected  with  differences  in  the  heats 
of  dissolution  of  salts  of  potassium  and  anaaonitan. 

Actually,  as  can  be  seen  from  the  data  given  below,  the  heats  of  dissolution 
of  these  salts  are  not  equal  (-A  H  of  solution  kcal/g-equiv) » 

K*  mtasiftmcM' 

F-  -u  +M 

OOT  -12,2  -5.2. 

Deviations  from  the  difference  (28,4)  and  differences  in  the  heats  of 
dissolution  (A)  fully  counteract  each  other. 

Ascertaining  of  causes  of  differences  in  the  heats  of  dissolution  of  salts 
of  potassium  and  ammonium  requires  further  theoretical  and  eoqperimwital  work. 

Using  the  difference  ==  28,4  kcal/g“«ci^v,  we  calculated  approximately 

heats  of  formation  unknown  to  this  time  for  certain  well-studied  salts  of  asmaonium, 
whose  properties  and  methods  of  obtaining  are  described  in  the  literature  J * 

Results  of  these  calculations  are  given  in  Table  2,  ’ 

The  limits  of  deflection  shown  in  the  last  column  on  the  right  of  Table  2 
do  not  exceed  1.5— 2.0^  of  the  rnagnitude  of  the  heat  of  formation  of  the  con¬ 
sidered  salts. 

Using  the  constant  difference  Na’^^-NH^,  equal  to  22,6  kcal/g-equiv 
obtained  the  data  in  Table  2  B, 

The  precomputations  for  salts  of  ammonium,  made  by  the  differences  K 

« 

and  Na  — MJ,  are  near  one  to  another. 

In  conclusion  we  will  show  that  in  the  present  handbook  CiiJ  there  are 
clearly  incorrect  values  o|^=^598  for  K2Cr:^»Cr03(K2Cr3(^o)» 

For  trichromate  of  ansnonium  (NH/^)2Cr30io  we  obtain  tqr  Mqperlmsatal  meani  the 

value “  580^6  kcal/g-^i!-®  ‘  ’  ^ 

'U'P  ■ 


Table  1 


X)  No,  of  pairsj  2)  Anionsj  3)  Crystalline  salts;  4)  Aqueous  solutions  of 
salts;  5)  kcal/g-equiv;  6)  Deviation  from  the  difference  28.4;  7)  Mean 
difference  28.4  kcal;  8)  Kean  deviation  +  2  kcal;  9)  Mean  deviation  +  0.3 
kcal. 
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Table  2 


Heats  of  formation  of  crystalline  salts  of  amBoniiia  (in  kcal/g-mole) 
A.  Constant  difference  K  -  NH  *?  28,4  kcal/g“®<!piiv» 


ly  Aenoe 

COCti  KtWW 

y  mZ9i*jnu»|S] 

BmeesHKas  eoeci 

UtOZ 

.  9M.0 

f 

udjr 

‘ilO,U4 

9icSr 

1 

m,9 

Xi,W 

asi.ft 

904.i±4 

pia{~ 

XI, Q 

• 

.  a«4.2±4 

AlPf- 

m,6 

«.4At 

1)  Anionj  2)  -AH208  of  salts  of  potassium,  kcal/gnaolej  3)  Calculated 
-A  H293  of  salts  of  ammonium,  in  kcal/g-nolej 

B.  Constant  difference  Na*^-  -  =  22.6  kcal/g-equiv. 


4)  -A  H298  of  salts  of  sodium,  kcal/g~aole. 

Using  the  difference  K*^  -  NH^  =  28.4  kcal,  we  obtain  for  K2Cr203^Q  the  value: 
A  H2^3=<*»( 580^6) — 28,4*2««»«-637i6  kcal/g-nvile. 
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Conclusions 


1.  On  sxsaplss  of  sslts  of  potsssiue  sikI  smoniiaD  idth  i<i«ntic«l  snions, 
it  ms  shown  thst  th«  thsmochsiaical  Isw  of  constsnt  difforsness  can  be  used 
with  success  for  the  approxijuats  calculation  of  the  heat  of  fontation  of  cry¬ 
stalline  salts  tddch  IwiTe  a  c(»anon  cation  or  anion,  equal  or  close  values  of  heat 
of  dissolution,  and  also  are  strong  electrolytes. 

2.  With  accuracy  +  2$  (+  2  kcal/g-equiv)  we  calculated  the  unknown  heats 

of  fonnation  of  the  perrheniate,  selenate,  hexachlorostannate,  tetrachloropalladi- 
ate,  hexachloroplatinate,  and  hexafluoralusdnate  of  anaonia. 
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Yu.  Ya.  Maksimov 

40.  Vapor  Pressure  of  Nitro  Derivatives  of  Bengteie 


The  data  available  in  literature  concerning  vapor  pressure  of  mono-  and 
dinitrobenzene  up  to  the  boiling  point  C'^J  do  not  cause  any  doubts,  since 

the  corresponding  naasiirement  was  accomplished  in  an  area  of  twoperattares  at 
which  the  stability  of  these  compounds  is  quite  high.  Otherwise  there  is  the 
matter  with  measiurement  of  vapor  pressure  of  trinitrobenaene  which,  as  distin¬ 
guished  from,  the  first  two  substances,  decomposes  with  a  marked  speed  mm.  at  a 

/ 

temperature  below  the  boiling  point.  This  circumstance  obstructs  the  iiamedi^te 

determination  of  its  boiling  point.  !a.  F.  Belyayev  C^J *  determining  it  by 

evaporating  an  explosive  suspension  in  2  mg  from  the  surface  of  a  heated  metal 

block,  gives  an  approximate  value  of  315® •  The  magnitude  of  latent  heat  of 

evaporation,  which  he  found  by  the  time  of  evaporating  a  suspension  of  this 

explosive  at  various  temperatures  is  approximateily  18*5  kcal/molo.  However, 

an  experimental  check  of  the  values  of  vapor  pressure,  calculated  by  the 

boiling  point  and. heat  of  evaporation,  found  by  A.  F.  Belyayev,  indicated  the 

experlwoti/ 

divergence ‘between  the  results  of  the/  and  his  data.  This  served  as 

the  cause  for  a  more  detailed  study .of  vapor  pressure  of  trinitrobenzene. 

For  determination  of  vapor  pressure  of  this  substance  at  a  variable 
0.05g/ 

temperat\ire,  a/suspension  of  it  was  heated  in  a  thoroughly  e'vacviated  (up  to 
10“^  —  10“^  mm  Hg)  and  sealed  glass  vessel  equipped  with  a  manometer  of  the 

Bourdon  type.  The  temperature  of  the  bath  with  weak  tin^  and  lead,  in  which  the  ^ 

vessel  was  placed  with  the  explosive  being  investigated,  was  maintained  constant  • 

.  ^  i 

with  an  accuracy  of  10.5®.  .4 
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Fig,  1,  Temparature  dependence  of  pressure  of  saturated  vapor  for  substances 
of  the  benzene-trinitrobenaene  series, 

1  —  Benzene,  2  —  mononitrobenzene,  3  —  dinitrobenzene,  4  —  trinitrobenzene 
(according  to  data  of  A,  F.  ’Belyayev)  and  5  *—  trinitrobenzene  (according  to  our 
data) . 
a)  mm  Hg 

Vapor  pressure  was  also  measured  for  mono-  and  dinitro-  derivatives  of  benzene. 
The  meastirements  were  conducted  with  one  sample  of  the  substance  ^vith  a  sequence 
increase  of  temperature,  A  specially  set-up  experiment  vdth  dinitrobenzene 
showed  that  for  heating  a  vessel  containing  the  substance  from  room  temperature 
to  250®,  2  —  3  minutes  are  required.  Before  measurement,  at  each  temperature, 
exposure  of  5  —  10  minutes  was  accomplished.  The  results  of  the  experiments 
are  given  in  Table  1  and  Figure  1.  The  data  obtained  on  the  applied  method  well 
corresponds  vd.th  what  is  available  in  literature. 

Measurement  vapor  pressure  of  trinitrobenzene  at  a  temperature  of  200  — 

250®  was  conducted  with  one  sample  and  the  degree  of  filling  the  vessel  mth  the 
substance  was  10"3g/cm^  The  reliability  of  the  measurements  made  in  this 
experiment  is  confirmed  by  the  fact  that  the  pressure  in  the  vessel,  measured  at 
room  temperature  after  the  experiment,  was  less  than  1  mm  Hg.  Upon  raising  the 


■During  the  study  of  thermal  disintegration  of  trinitrobenzene  it  was 
established  that  the  speed  of  its  decomposition  in  liquid  state  is  greater  than 
in  vapors.  Therefore  it  was  desirable  to  select  a  low  degree  of  filling  of  the 
vessel  so  that  the  quantity  of  the  substance  in  liquid  phase  is  minimum. 


tiiaptjPAtur#  to  270®  and  hi^ar  tha  spaad  of  dacon^xjsition  of  trinitrobanaana  was 
incraaaad  so  much>  that  aftar  tha  tiaa  nacaaaazr  for  ona  iMaturanant^  a  laarkad 
{^iantity  of  gaaaa  is  formad,  and  tharafora  determination  of  vapor  pressure  of  the 
explosive  becomes  nof  very  reliable.  For  tha  purpose  of  excluding  the  influanca 
of  decomposition,  for  each  determination  a  new  portion  of  tha  substaynce  was 
selected,  and  vapor  pressure  was  determined  by  means  of  extrapolating  tha  pressure 
building  up  in  the -vessel  during  decos^sition,  at  a  time  equal  to  the  time  of 
heating.  From  Fig.  2,  in  vrtiich  curves  of  the  growth  of  pressxsre  are  depicted 
with  time  in  the  case  of  heating  of  trinitrobenzene  at  312®,  one  can  see  that  the 
reproducibility  of  the  data  in  determining  vapor  pressure  lander  these  conditions 
is  completely  satisfactory. 


Fig.  2.  Growth  of  pressure  in  time  in  the  case  of  decomposition  of  trinitro- 
I  benzene  at  312®  and  various  degrees  of  filling  of  the  reaction  vessel  (in 
I  g/cnP»10^): 

I  1  —  13.1,  2  —  37.1,  3  —  81.8. 

1  a)  Pressure  p  ram  Hgj  b)  Time  t  minutes. 

i 

I 

•  The  obtained  results  of  measuring  pressure  of  saturated  trlnitrobanzene 

I  vapor  are  given  in  Table  1,  and  the  corresponding  points  are  plotted  on  the 
i  graph  log  p-l/T  (Fig.  1).  For  a  comparison  on  this  graph  is -depicted  a  line  4, 
constructed  according  to  A.  F,  Belyayev’s  data.  From  Fig.  1  it  is  clear  that  in 
the  whole  studied  range  of  temperatures,  the  values  of  vapor  iaressure  of 
trinitrobensen®,  obtained  by  us  are  lower  than  those  caloiflated  by  Belyayev. 

The  boiling  point,  detennined  by  extrapolation  of  the  obtained  data  at  a  .1 
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KMCnitudfs  charactArising  boiling  of  nitre  dtrivatiraf  of  banaana 


l)  Subatancei  2)  Latent  heat  of  evaporation  a  T  boil  X  cal/®ol«# 

3)  Boiling  point  at  760  mm  H&®C  4)  Truton's  ratio,  5)  Bansenaj 

6)  Mononitrobenzene;  7)  Dinitrobenzene j  8)  Triniti^banieno;  9)  According 
to  our  own  dataj  10 )  According  to  Belyayev’s  data* 

Note.  Values  of  Ig  A  are  given  for  p  in  nm  Hg:. 


SI  OP  '■ 

/// 


V 


ppessure  of  7^0  ma  Hg,  constitutes  350®>  which  is  35®  above  the  value  found  by 
A.  F.  Belyayev.  This  distinction  is  stipulated,  probably,  by  the  fact  that  in 
our  e3cperiraents  upon  measuring  vapor  pressure  the  part  of  the  decomposition 
factor  was  reduced  to  minumum  at  the  time  when  in  A.  F.  Belyayev’s  work  the 
calculation  of  this  factor  was  extremely  difficult. 

Joint  consideration  of  the  dependence  p=/^')  for  substances  of  the  series 
benzene-trinitrobenzene  (Fig.  l)  also  is  in  favor  reliability  of  the  results 
obtained. 

Temperature  dependence  of  vapor  pressure  of  the  nitro  compounds  under 
consideration  near  the  boiling  point  can  be  expressed  by  the  equation 

X 

Coefficients  of  the  equation,  boiling  point  and  Truton’s  ratio  for  the  four 
substances  we  are  interested  in  are  in  Table  2.  From  the  data  of  this  table,  it 
is  evident  that  the  magnitude  of  Truton’s  ratio,  equal  for  benzene  20.0,  upon 
sequence  introduction  of  it  into  a  molecule  of  the  NO2  group  grows  regularly, 
reaching  for  trinitrobenzene  the  value  of  28  —  30,  vriiich  one  and  a  half  times 
exceeds  the  normal  value  of  this  ratio  (21. O),  A  similar  regularity  was  first 
observed  by  A,  F,  Belyayev  C^J  ^  ^  example  of  nitric  acid  esters  of  aliphatic 
alcohol  and  has,  probably,  a  common  character  for  organic  compounds  contained  in 
a  N02-group  molecule.  In  connection  vath  this,  it  shoidd  be  said  that  the 

previous  opinion  among  certain  investigators  concerning  the  invariability  of  the 

« 

normal  value  of  Truton's  ratio  for  compounds  of  this  type,  evidently,  is 
erroneous , 
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41.  Influence  of  Shell  on  the  Detonaticai  Ability  of  Certain  Binit ro 
Compotmds  oT  We  ^erles^"" 

The  presence  of  &  shell  has  a  great  influence  on  the  detonation  ability  of 
an  explosive.  It  retards  the  radical  scattering  of  the  exploding  substance  and 
consequently,  in  accordance  vdth  the  principle  of  Tu,  B.  Khariton  J“kJ t  it 
lessens  the  critical  diameter  of  the  charge.  Precisely  because  of  this  a  subr 
stance  vdiich  is  not  capable  of  stable  detonation  at  a  given  change  diameter  in 
the  absence  of  a  shell  becomes  readily  detonatable  at  the  aame  diameter  with  a 
shell, 

A  strong  shell  ^diich  does  not  burst  during  explosion  will  2*eduee  the 
initial  diameter  of  the  change  especially  strongly. 

Investigating  the  detonation  of  ammonium-saltpeter  sdacbures.  A,  P.  Belyayev 
came  to  the  conclusion  [\J  that  owing  to  the  extremely  small  time  of  the  course 
of  the  explosive  process,  the  action  of  a  shell  is  determined  basically  by  its 
inertial  resistance  (mass).  However,  a  shell  of  loose  material  shows  a  lesser 
effect  on  the  stability  of  detonation  than  does  a  shell  of  equal  mass  from 
strong  materials,  creating  additional  resistance  to  the  escape  of  the  unreaeted 
explosive. 


This  work  was  carried  out  under  the  leadership  of  I,  F,  Blinov,  who  was  pre¬ 
vented  by  an  untimely  death  from  completing  it.  The  author  of  the  artiol® 
expressed  her  deep  gratitude  to  A.  I.  Ool' binder  for  his  help  in  preparing  the 
manuscript  and  his  valuable  advice  in  discussion  of  the  results. 
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A.  F.  indicates  also  that  an  increase  in  the  diametric  dimension  of 

the  cliange  is  equin^eat  to  surrounding  a  charge  of  lesser  diameter  vdth  a  loose 
inert  shell  of  equal  mass. 

The  influence  of  the  properties  of  the  shell  on  the  possibility  and  rate  of 
propagation  of  detonation  appears  in  the  case  vdien  the  explosive  charge  has  a 
diameter  far  from  the  limit  corresponding  to  the  maximum  rate  of  detonation.  The 
study  of  the  influence  of  the  shell  on  detonation  ability  is  therefore  significant 
for  those  explosives  vdiich  have  a  sufficiently  great  critical  charge  diameter  and 
for  which  is  observed  a  significant  difference  between  the  critical  and  limit  dia¬ 
meters.  The  nuaibor  of  such  systems  includes,  together  with  mixtures  which  for 
the  most  part  have  been  studied  from  this  point  of  view,  substances  which  possess 
low  explosivity  —  in  particular,  aromatic  dinitro  compounds.  One  would  expect 
that  the  study  of  such  compounds  will  provide  a  fuller  and  more  graphic  pre¬ 
sentation  of  the  influence  of  various  characteristics  of  shells  (density,  strength, 
c<snpressibility)  on  the  detonation  ability  of  charges.  Together  with  this,  the 
study  of  the  influence  of  shells  on  the  detonation  ability  of  such  compounds  has 
significant  practical  interest  for  the  evaluation  of  the  actual  danger  of  ex¬ 
plosion  in  the  various  conditions  of  their  production,  storage,  and  application. 

In  connection  with  this,  in  a  number  of  other  works  on  the  study  of  tha  ex¬ 
plosive  properties  of  dinitro  compounds  /”2_7,  Z~3_7  there  was  conducted  an 
investigation  on  the  clarification  of  the  effect  of  a  shell  on  the  detonation 
ability  of  these  substances.  The  results  of  this  investigation  are  given  below. 

Experimental  Part 

Experiments  were  conducted  with  technical  products  of  factory  manufacture. 

As  objects  of  investigation  we  used  the  following; 


dinitrophenol,  melting  temperature., . . . . .  .114. 5® 

dinitrotoluene, melting  teraparature . . . . . . .  63.5® 


dtnltroehlorob«i2«n^  neltlng  tanpemtur*. *50.0^ 

dinitromiltne,  stilting  ttaptrAtur«...«  . X7@*0* 

dlnitz^onAphthaleni, malting  tampariitura  . 155.0^ 


I  Earlier  [^2j  it  was  established  that  the  critical  dtaaeter  for  detonation 
of  charges  of  similar  explosives  increases  with  grcsrth  of  theij*  density.  Lci 
connection  with  this,  in  the  present  work  we  used  charges  in  the  fom  of  powder, 
with  a  density  close  to  the  fill  density  of  the  corresponding  substance.  All 
experiments  were  conducted  with  crystalline  products  passing  lOOjS  through  a 
screeen  with  11  holes  per  cm. 

We  tested  shells  of  various  strengths,  densities,  and  coa?>reseibilities! 
steel  pipes,  tubes  rolled  from  sheet  lead  and  iron,  glass  and  ceramic  tubes,  shells 
constituted  of  separate  steal  strips,  shells  of  liquid,  friable  (sand)  and 
plastic  materials. 

In  6:)qperiments  with  shells  of  liquid,  clay,  or  sand  the  charge  of  the  tested 
substance,  in  a  casing  of  paraffined  placed  in  a  casing  of  greater 

diameter;  the  free  space  between  the  walls  was  filled  with  liquid,  plastic  clay, 
or  dry  sand. 

In  the  period  of  carrying  out  the  given  work  wo  were  not  able  to  measure  the 
detonation  rate.  The  results  of  the  experiments  were  evaluated  by  the  deformation 
I  of  a  lead  cylinder  on  which  we  exploded  the  test  charges  in  the  various  shells. 

I 

The  esqperimental  procedure  was  analogous  to  the  standard  test  for  brisance. 

I  In  order  to  judge  more  completely  the  stability  of  eaqplosion  we  applied 

I 

(lengthening  of  the  charge;  in  most  of  the  experiment  s  the  charge  length  was  100 
mm  (diameter  2.5  -  3.5),  and  in  some  experiments  we  used  charges  200  m  in  length. 

I  Detonation  of  the  test  charges  was  triggered  by  No.  8  detonating  caps. 
j  periments  with  dinitronaphtholen©  were  an  cpcception;  there  we  used  intermediate 

I  detonators  of  pressed  tetryl,  5  to  10  g  in  weight. 

I 

In  evaluating  the  results  of  the  experiamitq  it  is  necessary  to  consider 


7// 


that  the  presence  of  the  shell  influences  them  in  a  twofold  way.  On  the  one 
hand,  by  i)!5>eding  the  scattering  of  the  detonation  products,  the  ^ell  lessens 
the“chemical”  losses,  in  connection  with  which  the  completeness  of  the  trans¬ 
formation  of  the  initial  explosive  into  detonation  products  grows  and  the  de¬ 
tonation  rate  is  increased.  On  the  other  hand,  by  delaying  the  radical  scattering, 
the  shell  strengthens  the  mechanical  action  of  the  explosion  products  on  the 
lead  cylinder.  This  latter  effect  of  the  shell  will  tell  further  when  the  test 
charges  is  an  explosive  for  which  the  applied  diameter  is  greater  than  the 
limit  and  the  completeness  of  transformation  and,  consequently,  the  detonation 
rate  are  changed  because  of  the  presence  of  the  shell. 

The  method  we  used  to  conduct  the  experiments  did  not  permit  the  separation 
of  the  two  indicated  factors.  Besides  this,  we  tested  charges  of  different 
diameters.  A  change  in  charge  diameter  and  the  presence  and  quality  of  a  shell 
can  have  a  mutual  effect  on  the  pressing  of  the  lead  cylinder.  In  connection 
with  this  the  results  obtained  permit  reliable  differention  only  of  the  cases  of 
the  presence  or  absence  of  explosion  of  the  test  charge,  and  do  not  give 
reliable  data  for  evaluation  of  the  completeness  of  transformation  and  the 
detonation  rate  in  each  case. 

In  Table  1  are  presented  results  of  experiments  with  dinitro|^enol  at  a 
charge  density  of  0.62  to  0.65  g/cm^.  Charges  of  this  density  in  thin  paper 
casings  will  detonate  at  a  diameter  of  40-45  rani;  in  some  esqieriments  at  a  charge 
diameter  of  40  nan  attenuation  of  detonation  was  observed. 

In  Table  2  are  shown  the  results  of  experiments  with  dinitrotoluene  at  a 
charge  density  of  0.6  and  0.8  g/caP.  Dinitrotoluene  at  a  density  of  0.6  g/cmP 
was  tested  in  paper  or  cardboard  cases.  The  critical  di^aeter  in  these  con¬ 
ditions  was  about  45ram. 
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1)  SheU  material}  2)  Sliell  diameter,  internal/extenml,  affli}  3)  Weight  of 
shell  per  cm  of  charge  length,  g/cm}  U)  Pressing  ^.ead^  gylind^, 

5)  Seamless  steel  pipej  6)  Lead  pipe}  f)  Water}  8)  9)  S^d,  10) 

Tin  pip®}  11)  Steel  strips  4*^5  he  wide;  12)  L-ead  pipe}  13)  Ceraaie  pAp®| 

14)  the  same. 


j  In  Table  3  are  given  the  results  of  ^pi^imnts  ^th  dinitrochlorob^sa® 

|t  a  density  of  0.8  -  0.85  g,/cia^.  ’ 

<•*  ^  ^ 

Table  4  shew  results  of  experiments  srith  dtaitroanilin©  at  a  density ^ 


0.7 


g/aB>3  Without  \  SheU  dinit rosuiUlino  ifiH  dettmata.  at  &  dis^ter  - 
,  s-vp  htPt 


of  60  nua. 


Dinitronaphthalene  oossesses  a  very  low  detonation  ability.  A  charge  2(X) 
nim  in  diameter  and  200  mm  high  in  a  paper  shell  with  an  intermediate  detonator 
of  pressed  tetryl  (wt.  100  g)  will  not  detonate  completely. 

Table  2 

Influence  of  shell  on  detonation  ability  of  dinitrotoluene 
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1.0:  0,8 

1-4)  Same  as  Table  Ij  5)  Charge  de  isity  0.6  g/cm^;  6)  Seamless  steel  pipe; 
7)  Compound  shell  of  steel  strips  4-5  mm  wide;  8)  Steel  pipe  with  seam; 

9)  Steel  pipe  with  seam,  slit  along;  10)  Lead  pipe;  11)  Water;  12)  Clay; 
13)  Sand*  14)  Tin  tube;  15)  Glass  pipe;  16)  Charge  density  0.8  g/cm3. 
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Influence  of  shell  on  detonation  ability  of  dinitrochlox*obena©ne 
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1)  Material  of  shell;  2)Shell  diameter,  intemal/extemal,  raa;  3)  Weight 
of  shell  per  cm  of  charge  length,  g/can;  4)  Pressing  of  lead  cylinder, 

5)  Tin;  6)  Glass;  7)  Paper;  8)  The  same. 


Table  4 


Influence  of  shell  on  detonation  ability  of  dinitroaniline 
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1)  Material  of  shell;  2)  Shell  diameter,  intemal/axtemal,  nsaj  3)  Weight 
of  shell  per  cm  of  charge  length,  g/cm;  4)  Pressing  of  lead  cylinder,  mj 
5)  Steel  pipe;  6)  Steel  pipe,  cut  along  the  length  into  2  jarts;  7)  Stesel 
elements  in  a  quantity  of  16  pieces;  8)  Lead;  9)  Copper;  10)  The  results 
of  experiments  can  be  judged  by  the  penetration  of  the  load  plates. 
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1)  ^!aterial  of  shellj  2)  Shell  diameter,  intemal/extemal,  mm;  3)  V/eight 
of  dhell  per  cm  of  charge  length,  g/cmj  4)  Weight  of  tetryl  detonator,  g; 

5)  Pressing  of  lead  cylinder,  mm;  6)  Seamless  steel  pipe;  7)  Steel  pipe 
withn  seam;  8)  Compound  shell  from  steel  strips,  width  4-5  Jam;  9)  Lead  pipe; 

10)  Seamless  steel  pipe,  cut  along;  11)  Seamless  steel  pipe  from  elements; 

12)  Pipes  200  mm  in  len^h  were  applied 

Since  dinitronaphthalene  detonates  only  from  an  intermediate  detonator, 

we  conducted  conti*©!  experiments  with  an  inert  substance  (urotropine) ;  pleasing 

of  lead  cylinders  in  these  -..experiments  occurred  as*  a  result  of  detonation  of  the 


tstryl  charge.  With  damge  of  the  inert  substance  by  a  10-gram  tetryl  charge 
in  a  pipe  40  am  in  diameter  and  100  rm  in  height  vre  obtained  pressing  of  the  lead 
cylinder  of  9.0  am,  and  in  a  pipe  of  the  same  diameter,  but  200  oa  in  length, 
of  7-8  nan.  A  tetryl  charge  of  5  g  in  these  conditions  gives  pressing  of  lead 

columns  of  4  and  1~2  ram,  respectively.  In  Table  5  a^e  shown  results  of  ex- 

« 

periments  with  dinit rona^ithalsne  at  a  density  of  0.45-0.60  g/cn^. 

Discussion  of  Resvlts 

On  the  example  of  the  studied  dinitroformations  it  is  once  again  confirmed 
that  the  presence  of  a  shell,  rendering  resistance  to  the  scattering  of  the 
explosive  makes  possible  detonation  of  a  charge  such  a  diameter,  that  without 
a  shell  detonation  dies  out.  The  riusst  characteristic  in  this  respect  were 
experiments  with  dinitronaphthalene .  Whiile  in  a  paper  case  this  substance  does 
not  detonate  even  at  a  charge  diameter  of  200  mm,  in  a  steel  pipe  its  detonation 
occurs  at  a  diameter  of  30  ram. 

Analysis  of  the  results  obtained  allows  to  estimate  the  influence  rendered 
by  different  characteristics  of  the  shell  on  the  detonation  ability  of  the  charge. 
Besides  the  inertial  resistance  of  the  shell,  its  strength  has  a  clearly 
developed  role.  As  in  experiments  with  dinitr.ophenol  (Table  1)  a  shell  of  tin# 
light  but  possessing  essential  tensile  strength,  assures  the  d otonation  of  a 
charge  of  the  same  diameter  at  vrtiich  explosion  dies  out  in  the  case  of  an  un¬ 
bound  but  more  massive  shell  of  sand.  Analogous  resvilts  were  observed  in  the 
case  of  dinitrotoluene  (Table  2),  where  a  charge  with  a  density  of  0,6  g/cs? 
detonated  in  a  strong  shell  of  tin  and  was  not  exploded  in  a  glass  shell  of 
equal  mass.  In  the  case  of  a  dinitronaphthalene  charge  30  mm  in  diameter  we 
observed  complete  detonation  in  a  steel  pipe  and  attenuation  dxiring  explosion 
in  a  shell  of  the  same  material,  but  composed  of  separate  strips  and  thorafdr® 
devoid  of  strength  (see  Table  5). 

It  is  possible  to  note  that  side  by  side  with  the  inertial  resistance  and 


strength  of  the  shell  as  a  v^ole,  an  essential  influence  is  exerted  on  the 

possibility  of  propagation  of  detonation  also  by  the  compressibility  of  the 

material  —  its  ability  to  be  compacted  under  the  action  of  explosion.  As  in 

the  case  of  dinitrophenol  (Table  1)  a  poorly  coa^ressible  shell  of  water  or 

paraffin  assures  detonation  of  a  charge  29  ran  in  diameter,  vdiile  in  an  easily 

compacted  shell  of  sand  the  explosion  of  a  charge  of  such  diameter  dies  out 

In  comparing  these  experiments  one  should  consider  that  the  average  density  and, 

consequently,  inSrtial  resistance  of  the  shell  as  whole  and  greater  in  the  case 

of  sand  than  for  water,  but  under  fast  actions  water,  apparently,  possesses, 

as  distinguished  from  sand,  a  certain  resistance  to  bursting.  Such  a  picture 

is  obtained  in  experiments  with  charges  of  dinit rotoluene  at  a  density  of  0.6  g/ 

3 

cm  in  shells  of  water  or  clay,  on  the  one  hand,  and  of  sand  on  the  other.  Frexn 
the  considered  p^int  of  view  the  results  obtained  with  dinitrochlorobenzene  are 
interesting.  A  charge  of  this  substance,  surrounded  by  a  light  and  comparatively 
unstable,  but  poorly  compressible  shell  of  glass,  detonates  at  a  diameter  of  40 
mm.  If  such  a  charge  is  surroxmded  by  an  easily  compacted  shell  of  the  same 
dinitrochlorobenzene  15  mm  in  thickness  with  a  general  mass  6-7  times  greater 
than  that  of  the  glass  shell,  then  detonation  in  charge,  vrtiose  diameter  is 
increased  to  70  mm,  dies  out. 

densities/ 

Experiments  with  charges  of  dinitrotoluen©  of  various/  once  again 

(see  Table  2)  confirmed  that  the  critical  diameter  of  propagation  of  detonation 
in  it  grows  with  an  increase  in  density,  as  this  was  observed  earlier  for  mixed 
explosives  for  example,  ammonite. 

The  results  obtained  further  that  all  the  investigated  f^'nitro  compounds 
have  detonation  ability  when  in  the  form  of  a  powdery  charge  of  low  density  in 
a  relatively  strong  shell  and  at  small  diameter.  The  greatest  danger  from 
this  from  this  point  of  view  is  presented  by  dinitrophenol,  dinitrotoluene  and 
dinitrochlorobenzene.  These  results  should  be  considered  in  examining  questions 
of  the  danger  of  explosion  in  the  production  and  ajjplication  of  compounds  of 


C(M3elU8lOQS 


I  1.  The  influence  ms  studied  of  sheila  of  ▼arious  dbeurscter  on  the 

I  brisance  of  explosicm  of  ceHain  dinitro  coc^xnmds  of  the  bensene  series. 

t 

1 

^  2.  It  ms  established  that  the  less  is  the  detcmtioo  ability  of  a  substancs^ 

the  greater  is  the  influence  exerted  on  the  stability  of  detonation  by  the  i^oll. 

3.  It  i«is  idiown  that  besides  the  inertial  resistance  of  the  shell,  its 
strength  exerts  a  great  influence  on  the  detonation  ability  of  the  in^esti^ited 
substances. 

It  is  possible  to  note  also  that  together  with  inertial  resistance  and 
strength  of  the  shell,  its  compressibility  —  ability  to  be  coaqpacted  under  the 
action  of  explosion  —  exerts  an  essential  influence  m  the  possibility  of 

j  propagation  of  detcoation. 

t 
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42.  On  the  Influence  of  the  Dimensions  of  the  Focus  of  Initiation  on 
the  Detonation  Ability  of  Lovrlv-Sensitive  Explosives 

During  the  study  of  ejtplosiveness  of  dinitro  compotmds  an  original  and 
interesting  phenomenon  was  detected,  contradicting,  on  first  look,  the  knovm 
data  on  the  influence  of  the  diameter  of  a  charge  on  the  possibility  of  pro¬ 
pagation  of  detonation.  Powder  charges  of  low  density  at  excitation  of  detonation 
by  one  and  the  same  initiator  stably  detonated  at  small  diameter  of  charge, 
at  the  time  vrtien  in  analogous  charges  of  large  diameter  the  detonation  dies  out. 

Results  of  experiments,  conducted  for  study  of  this  phenomenon,  are 
discussed  below. 

Experimental  Part 

The  methodology  of  the  experiments  was  very  simple:  from  the  investigated 
substances  we  prepared  in  different  covers  charges,  having  a  density  near  being 
filled.  As  a  rule,  we  used  charges,  the  length  of  which  equaled  3-4  diameters. 
Explosion  was  initiated  by  a  percussion  cap  No.  8.  In  separate  experiments 
we  also  used  intermediate  detonators  in  the  form  of  filled  or  pressed  charges 
made  from  powerful  explosives  (TEN,  hexogene).  The  results  of  the  experiment 
were  judged  by  the  deformation  of  the  shell  of  charges,  by  imprint  on  a 
metallic  plate  which  is  in  contact  with  the  charge,  or  by  compression  of  a  lead 
cylinder,  in  which  the  tested  charge  was  placed.  At  completion  of  this  work 
we  did  not  have  the  possibility  to  determine  the  speed  of  detonation.  As  the 
object  of  the  investigation  we  used  cosmerical  products  of  in  t,he  form  of 
crystal  powder,  sifted  through  a  sieve  with  11  apertures  per  cm. 

7P 


In  the  described  conditions  2.4  -  dinit  rot  olnesie  idth  &  doisity  of  charge 
of  0,5-0.65  g/cBt^  at  initiation  by  a  percussion  cap-detonator  stably  detonates 
in  a  steel  pips  with  ^  internal  diameter  of  31  asa  (length  of  charge  100  am) . 

In  those  same  conditions,  in  a  pipe  104  mm  in  diameter  was  observed  attenuation 
of  detonation  with  scattering  of  a  large  part  of  the  substamca. 

The  same  results  were  received  in  testing  dinitroaniline  and  picramie  acid. 
These  substances  in  charges  with  a  density  of  0.41-0.70  g/crn^  stably  detonate 
in  a  copper  tube  with  an  internal  diameter  of  apprcodmately  14  am  (thickness  of 
wall  1-2  mm)  and  in  a  lead  pipe  10  mm  in  diameter  with  a  wall  thickness  of  2  mm 
at  initiation  by  percussion  cap-detonator.  In  steel  pipes  40  mm  in  diameter 
in  analogous  conditions  stable  detonation  is  not  observed. 

Ejcperlments  with  these  substances  were  set  up  also  according  to  the  diagram 
shown  in  Fig.  1.  Charges  in  narrow  copper  (d  «=  10  -  15  am)  and  wide  steel 
(d  =  40  am)  pipes  had  identical  density,  which  in  various  esqperimenta  with 
dinitroaniline  changed  from  0.64  to  0,82  and  with  picramie  acid  from  0.41  to 
0.70  g/caPt  In  separate  experiments  the  narrow  pipe  only  touched  the  charge 
in  the  wide  pipe,  in  others  —  it  was  plunged  into  it  at  a  depth  from  1  to  5 
cm.  In  all  experiments  detonation  was  spread  in  the  pipe  of  smaller  diameter 
and  died  out  during  transition  to  the  widsr  pipe.  The  substance  in  the  wide 
pipe,  was  partially  scattered,  and  part  of  it  was  left  in  the  form  of  a  strongly 

I 

5  consolidated  layer  on  the  walls  of  the  pipe.  In  separate  experiments  idiore 
determination  of  the  density  of  the  remainder  was  lade,  it  was  equal  to  1.33-1.43 

•  g/om^.  Results  of  experiments  did  not  change  in  a  case,  vshen  the  wide  part  of 

{ 

the  pipe  was  equipped  with  a  screw-on  cover. 

It  is  essential  to  note  that  the  observed  attenuation  of  explosion  in 

i 

i  charges  of  large  diameter  is  combined  not  with  the  impossibility  of  propagation 
of  detonation 

/ini  the  given  experiment  a ,  but  with  the  conditions  of  initiation.  Thus,  in  4 


case  vdien  we  used  intermedia^©  detonators  made  of  "Ml  or  hexogene,  if  only  in 


the  form  of  filled  cbargoo,  detonution  of  dinitro  compounds  in  pipes  of  large 
diameter  vas  spread  stably,  if  only  the  diameter  of  these  detonators  exceeded 


Fig.  1.  Diagram  of  experiments  with  dinitroaniline  and  picramic  acid. 

1)  percussion  cap-detonator;  2)  copper  pipe  with  explosive;  3)  steel 
pipe  with  explosive;  4)  steel  plate;  5)  lead  cylinder;  6)  steel  slab. 

a  certain  minimum.  Moreover,  stable  detonation  can  be  observed  in  charges  of 
large  diameter  also  vrtien  it  is  excited  by  charges  of  the  same  dinitro  compound 
of  smaller  diameter,  if  transition  from  small  to  large  diameter  was  not  abrupt. 
Corresponding  experiments  were  conducted  with  dinitroaniline  and  picramic  acid  in 
conical  charges.  The  investigated  substance  was  poured  into  a  shell  made  frcmi 
sheet  lead  2  mm  thick,  having  the  form  of  a  truncated  cone  with  the  diameter 
of  the  smaller  base  10  and  larger  —  45  mm  (height  of  charge  135  nm) .  Explosion 
was  excited  by  percussion  cap-detonator.  At  initiation  from  the  side  of  the 
smaller  base  full  detonation  occurred,  and  from  the  side  of  the  larger  — 
failure. 


19^ 


I  An  originAl  Influence  on  the  eaplosivs  ability  of  the  inirestigated  chargee 

is  rendered  by  density.  Earlier  it  mn  established  C%J %  'hat  with  its  in-  . 

crease  the  detoaatioml  ability  of  dinitro  coa^imds  is  lowered  (critical  diasseter 

■  grows) .  At  the  easae  tisaa,  upon  lowering  of  density,  failures  are  observed  with 

those  methods  of  initiation,  that  ensure  explosion  of  charges  of  large  deaidtyc 

Thus,  in  the  described  experiments  with  picraaie  acid  in  cones  with  a  shell 
made 

}  frcsn  lead  full  explosion  was  observed  with  initiation  free  a  large  base  by 
percussion  cap->detonator  of  a  charge  with  a  density  of  0,65  g  jfeo?  and  failisre 
at  a  density  of  0,60  g/cra^.  Similar  jhanomsra  are  observed  also  in  the  case  of 
a  very  powerful  intermediate  detonator.  Thus,  with  the  ueo  as  such  a  detonator 
of  a  pressed  tetryl  charge  20  g  in  wei^t,  occurred  full  detonaticsi  of  a 
charge  made  from  dinitroaniline  with  a  density  of  0.71-0.72  g/ca^  and  diaia«ter 
of  70  amj  an  analogous  charge  with  a  density  of  0.56  g/caP  in  these  conditicais  of 
initiation  failed.  For  picramic  acid  the  same  results  were  received  in  pipee 
40  mm  in  diameter  at  a  charge  density  of  0.8  and  0,5  g/cn?>  correspoidingly. 

Dlseussitm  of  Results 

Proceeding  from  general  presentations  about  the  eonditiesas  of  stability 
of  detonation,  developed  by  Yu,  B.  Khariton  /"3„7»  the  reeults  obtained  can  be 
explained  in  the  following  manner. 

The  investigated  dinitro  compounds  are  systems  with  a  low  eoqjloaive,  ability 
and  critical  diameter  of  detonation  for  charges  from  them  without  a  shell  is 
great.  In  a  durable  and  massive  shell  (metallic  pipe),  delaying  the  dispersion 
of  the  substance,  detonation  of  such  compounds  becomes  possible  in  a  charge  of 
small  diameter.  In  the  above  described  experiments,  the  explosion  was  initiated 
in  a  charge  of  small  density  and  large  diameter  by  each  a  method  that  in  the 
first  moment,  the  reaction  epiieared  only  in  a  section  of  the  charge  limited 
in  dii^eter  (for  example,  percussion  cap-detonator  or  according  to  the  disgsm 

I 

in  Fig.  1).  The  substance^ surrounding  the  focus  of  initiatiosi,  the  reaction 


ability  of  which  under  the  conditions  of  explosion  is  small,  can  behavs  as  an 
inert  shell.  The  aaall  density  of  the  substauice  makes  it  inertial  resistance 
insignificant.  A  shell  made  of  a  substance  of  small  density  is  easily  packed. 

As  a  result  of  this  packing,  fast  dispersion  of  the  unreacted  substance  and 
products  of  incomplete  reaction  from  the  focus  of  initiation  occurs,  which 
leads  to  attenuation  of  the  explosion  in  this  focus.  If  the  layer  of  p^.ked 
substance  between  boundaries  of  the  focus  of  initiation  and  the  metallic  shell 
is  smali.,  as  this  takes  place  in  a  conical  charge  at  initiation  from  a 
smaller  base  of  the  cone,  then  dispersion  of  the  substance  due  to  packing  is 
limited  and  cannot  lead  to  attenuation  of  detonation. 

It  is  clear  that  with  identical  dimensions  of  the  focus  of  initiation, 
the  dispersion  of  the  explosive  as  a  result  of  packing  of  the  surrounding 
layers  will  be  smaller,  the  greater  their  density.  Precisely  therefore  there 
is  obseinred,  at  definite  conditions  of  initiation,  detonation  of  charges  of 
great  density  and  their  failure  at  lower  density. 

In  a  case,  >dien  the  initiator  creates  a  focus  of  initiation  of  sufficiently 
large  dimension  —  stable  detonation  occiirs  also  in  a  charge  in  a  pipe  of 
large  diameter.  If,  however,  we  use  an  even  more  powerful  initiator  (pressed 
charge  of  powerful  explosive),  then  in  charges  of  small  density,  the  compression 
leading  to  packing  of  the  substance,  is  spread  faster  than  the  explosive  trans¬ 
formation.  Before  the  front  of  the  reaction,  occurring  in  a  definite  layer  of 

the  dinitro  compound  is  a  consolidated  substance,  the  receptivity  of  which  to 

analogous 

detonation  is  small.  This  phenomenon  is/  to  that  described  by  A.  F, 

Belyayev  /”l_7  concerning  attfmuation  of  detonation  of  charges  of  ammonium 
nitrate  and  mixtures  on  its  base  at  extremely  strong  initiation. 
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43.  Detennination  of  Speeds  of  Shock  Waves  Necessary  to  Trigger  Detonation 
of  Explosives 

The  in^stigation  of  phoncs»»n&  occurring  during  triggering  of  detonation 
presents  not  only  theoretical  but  also  practical  interest.  Those  investigations 
have  spaeial  value  for  operations  in  sines,  Fsade  dangerous  by  gas  and  dust. 

Slesents  of  the  detonation  chain  should  be  selected  so  as  to  assure  stable 
detonation  of  the  entire  charge  with  a  speed  "noraal"  for  it.  Of  course,  this 
requiresMnt  can  be  carried  out  only  for  charges  capable  of  stable  detonation. 

Processes  proceeding  during  the  triggering  of  detonation  are  aore  complicated 
than  phenomena,  appearing  dtiring  the  propagation  of  the  shaped  detonation  wave. 
However,  trigger ix:g  of  detonation  should  in  a  significant  measure  be  regulated  by 
the  same  circumstances  that  regulate  its  stability.  Consequently,/ prerequi8i«,e 
for  the  study  of  process  of  triggering  of  explosion  was  the  study  of  the  phenoowna 
deteradning  stability  of  detonation. 

Only  after  the  main  regularities  determining  stability  of  detonation  and  the 
dependence  of  its  rate  on  charge  diameter,  dimension  of  particles  and  other  factors 
were  established  as  a  resuU  of  the  work  of  Tu.  B.  Khariton  /”5j7,  A.  P.  Belyayev 

s 

C-iJ,  A.  T«.  Apin  t  V.  K.  Bobolev  fmiitful  study  of  the 

process  of  triggering  of  detonation  becraa#  possible.  The  majority  of  the  earlier 

works  devoted  to  this  q^stion  had  the  character  of  ^spirical  selection  of  the 

necessai^  dii^nsions  of  detonators  (stri^r 3)  or  permissable  thickness  of  layers 

bett^en  detoimtor  and  charge  in  one  or  another  i^rticuXar  ease,  without  physical 

,  ♦ 

interpretation  of  ti»  data  obtained. 
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In  th«  opinica  of  tha  a«jority  of  in^stig&tors,  tha  appewan««  of  daton&tion 
is  conrss-t#d  t-ht  fetation  in  th*  ohargt  of  a  shook  If  this 

posssssaa  auffieisnt  intsnsity,  than  behind  its  irext  &  vlolont  ch«sic*l  rsaction 
begins.  Det(^fttica  appears.  It  is  obvious  that  for  its  trig^ring,  the  shock 
liava  must  have  paraaaeters  (in  tha  first  plaes  sji^ed)  that  are  of  no  leas  than  the 
critical  ayignitudes  necei^sary  for  the  developaent  of  the  reaction  bthii»i  the  ^ve 
front.  Chie  could  e:;({pect  that  these  critical  sagnitides  should  depend  not  only  on 
such  characteristics  of  the  charge  as  its  eh«9ical  cceposition  and  density^  but  also 
on  coalitions  of  the  scattering  of  products  of  explosion,  i.e.,  on  those  conditions 
that  detsrsdne  possibility  of  stable  detonation. 

It  is  obvious  that  to  ascertain  the  regularities  detemining  triggering  of 
detonation  it  is  in  the  first  place  necassary  to  know  the  sttgnitude  of  the  vel<^ity 
of  the  initiating  shocK  wave  required  for  the  appearance  of  detonation,  and  also  the 

f 

dependence  of  this  speed  on  the  characteristics  of  the  charge. 

The  only  data  on  the  necessary  speeds  of  initiating  shook  waves  were  obtained 
by  B.  I.  Shekhter  established  that  in  charges  of  pressed  trotyl  and 

flegmatised  hexogen  23  m  in  diaaeter  (i.e.,  with  diiMtehs  approximately  10  times 
grsatsr  than  the  critical  for  the  given  explosive)  detonaticsi  appears  in  that  ease 
when  the  shock  wave  has  a  speed  of  2ifCK>~3C00  o/sec.  Depth  and  area  of  the  wave 
front  in  B.  I.  Shekhter 's  ejqperiJBenta  renained  constant. 

Shock  waves  in  the  initiating  charge  were  created  by  this  investigator  with 
the  help  of  waves  propagated  by  inert  layers  (water,  steel,  etc.),  which  renoved 

i 

the  possibility  of  direct  influence  of  the  products  of  the  eaqplooian  of  tha  active 
charge  (detoriat<n*)  on  the  passive  charge. 

However,  after  the  experieunts  of  B.  X.  Shekhter  it  rmwsinsd,  as  befcniMi, 
unkno^  Just  how  t)^  sinism  speeds  of  chock  ti^ves  necessary  fear  trigg^ing 
detonation  will  vary  in  relation  to  the  dia^ter  of  the  pansiv®  charge,  ti^  siae 
cf  its  particles,  and  other  factors,  •  *  i 


The  qi^stion  of  ishfet  tho  speed  of  the  initiating  wave  should  b®  under  the 
conditions  meat  f^«q^lsntly  mt  in  practice  during  direct  contact  of  the  active 
and  passive  charges  ma  also  left  vague* 

To  clarify  tlwsse  q^stions  the  work  \dios«  results  are  outlii^d  iji  the  preeent 
article  was  carried  out. 

The  direct  detemination  of  the  spaed  of  shock  i«vos  appearing  at  the 
beginning  passive  charge  presents  significant  difficulties.  However,  the  speed  of 
the  shock  wave  can  be  jud^d  by  the  speed  of  detonation  in  the  case  when  detonation 
ieEwdiataly  appears  in  the  passive  charge  and  recording  of  its  true  rate  is  possible. 

^th  optical  sethods  of  registering  thA  detonation  rate  of  an  opaque  charge, 
the  latter  condition  is  fulfilled  only  if  the  wav^s  fron  ti»  very  beginning  is 
spread  with  a  constant  radius  of  curvatture.  If  there  is  an  increase  in  this  radius, 
the  exit  of  the  wave  on  the  surface  at  the  beginning  of  the  charge  occurs  with  a 
higher  speed  than  the  movement  along  the  axis,  as  a  result  of  which  an  oversised 
value  of  speed  is  recorded  on  the  initial  ssetion. 

The  speed  of  the  shock  wave  appearing  at  the  beginning  of  the  initial  charge 
can  also  be  judged  by  the  rate  of  detonation  of  the  active  charge  or  by  the  speed 
of  the  shock  wave  propagated  h7  the  iiwirt  layer,  through  which  detonation  is 
transmitted. 

Although  the  speed  of  ^ha  shock  %Ave  appearing  at  the  beginning  of  tlw»  charge 
is  not  equal  to  the  detonation  rate  of  Vaa  active  charge  or  the  speed  of  the  wave 
in  the  imrt  layer,  it  should  be  clearly  connected  with  them.  The  higher  the 
detemation  rate  of  the  active  charge,  the  greater  will  be  (other  cor^tiens  being 
equal)  the  speed  of  tbs  shock  wavs  appearing  in  the  initiated  (passive)  charge. 

In  the  particular  case  when  the  density  and  ccffipresoibility  of  the  substance 

of  the  active  charge  rr«  equal  to  those  of  the  substance  ©f  the  passive  charge,  ths> 

speed  of  the  shock  mm  at  tl^  ^ginning  of  the  paasiv®  charge  will  be  eqiml  to 

active  / 

the  detonation  rat®,  of  th@/^h^^Un  the  prasanse  of  •  contact  of  ths  active  aswi 
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f>s«ei7»  dhargts). 

Thus,  thd  shook  mv  sp««d.  i^etssaiT-  for  triggering  d«tonstion  in  ths  psseiw 
charge  can  be  JiKigsd  hj  the  r&te  of  detonation  appearing  at  ths  beginning  charge, 
if  the»i  is  confidence  in  the  abeenca  of  distortioju  during  its  recording,  sM 
the  detonation  rate  of  the  active  charge  or  by  the  speed  of  the  shook  v^ve  in  the 
ir^rt  s^diuR  adjoining  ths  charge. 

The  ability  of  a  shock  ii^ve  to  excite  an  intense  eheadcal  reaction  behijisd  its 
front  or,  in  other  words,  the  capability  of  a  shock  wave  created  in  a  charge  to 
pass  to  detonation  depends  not  only  on  its  speed,  but  also  on  Its  depth  »ore 
accurately  on  the  character  of  the  change  in  pressure  behind  the  wave  front,  and 
on  the  area  and  fora  of  the  wave  front. 

The  aost  favorable  conditions  for  triggering  detonation  are  created  during  the 
action  of  a  plane  wave  or  of  a  wavs  having  small  curvature  and  great  depth.  &9A11 
curvature  of  the  front  of  the  initiating  shock  wave  created  at  the  beginning  pattive 
charge  also  removes  the  possibility  of  significant  distortions  in  recording  the 
detonation  rate  on  the  initial  section  of  the  charge. 

Therefore  in  conducting  the  experiments  It  was  desirable  to  produce  initlAtion 
by  li^ves  with  the  largest  possible  depth  of  the  pressure  sone  and  a  large  radius  of 
curvature  of  the  wave  front.  This  could  bs  achieved  \fy  using  as  dstonators  charges 
of  great  height  enclosed  in  a  strong  massive  shell  or  having  large  diameter. 

As  passive  charges  it  was  decided  to  use  at  first  charges  of  cast  and  px^ssed 
trotyl.  In  ths  future  work  with  charges  of  ths  practically  utilised  earaonite  is 
anticipated. 


Eaperiasntal  Part 

Thjree  groups  of  experuaents  were  set  up. 

1.  Charges  of  c«ist  trotyl  ^re  initiated  by  explosions  of  charts  of  a  pressed 


mixture  of  trotyl  with  talc. 


2,  Suoh  cbwgaa  were  initiated  by  explosions  of  charges  of  fiJUsd  trotyl  or 
a  mixture  of  it  with  alaotster. 

3.  Detonation  in  charges  of  pressed  trotyl  triggered  excited  by  &  shock 
wave  propagated  through  ^ter. 

l^iggering  Detcsnation  of  Charges  of  Cast  Trotyl  by  Explosions  of 
Pressed  Charges  of  a  Mixture  of  Trotyl  With  Talc 

As  passive  charges  we  used  charges  of  cMt  saall-crystal  trotyl,  prepared  by 
casting  in  split  nstallic  forais  of  various  diameters. 

As  active  charge  we  used  pressed  charges  32  se  in  diameter,  made  fran  a 
mixture  of  trotyl  with  talc;  they  were  placed  in  a  steel  pipe  with  an  internal 
disaster  of  32  hb  and  wall  thickness  of  U  mm.  Ten  charges  were  placed  in  the  pipe. 
Due  to  the  great  length  of  the  charge  and  the  presence  of  the  massive  shell,  the 
wave  appearing  on  the  face  of  such  a  charge  should  have  large  depth  and  a  great 
radius  of  curvature. 

Before  preparation  of  the  mixture  the  trotyl  and  talc  were  sifted  thi'ough  a 
No .  2U  sieve . 

In  all  experiments  we  determined  the  detoi:ation  rate  of  the  active  charge  and 
established  either  the  appearance  of  detonation  a  refusal  in  the  passive  charge. 

In  part  of  experiments  the  detonr+if»r}  rate  was  measured  with  the  help  of  a  photo- 
register  with  miiTor  scanning  (SFR-2).  In  this  case  we  also  determined  the  de¬ 
tonation  rate  at  the  beginning  of  the  passive  charge.  In  remaining  experiments 
the  detonation  rate  of  the  active  charge  was  measured  by  the  method  of  Dotrish. 

In  the  experiments  with  the  photoregister  the  active  and  passive  charges 
were  fastened  to  a  'xoaier  rod  or  brass  plat®  eo  that  their  faces  touched  and  their 
axes  coincided. 

In  the  wsall  of  the  pJ^  <ji  >duch  the  active  charge  was  enclosed  there  was  a 
slot  turned  toward  the  photar<bglster .  The  ccBpleteneso  of  d@t(mation  of  the 


initiatsd  (passim)  charge  v»a  j'adgsd  the  photographic  print  aiui  the  iagjrint  on 
the  braes  plate. 

In  those  cases  idien  the  detonation  rate  of  the  active  charge  was  deteradned  by 
the  Dotrish  Qsthod>  the  active  and  pa  sive  charges  were  packed  on  thin  steel  sheet. 
The  coapleteneas  of  detonation  of  the  passive  charge  mn  judged  iaprint  m 

the  sheet. 

Variation  of  the  detonation  rate  of  the  active  charge  ms  attained  by  chiuiging 
the  density  and  contents  of  components  in  the  charges  made  of  a  mixture  of  trotyl 
with  talc. 

The  diagram  of  the  eoperiisants  with  the  photoregister  is  shown  in  Fig«  1  and 
samples  of  the  photographs  of  the  detonation  of  active  and  passive  charges  in  Pigs. 
2  and  3. 


Fig.  1.  Diagram  of  initiation  of  a  charge  of  cast  trotyl  by  a  charge  of 
a  pressed  mixture  of  trotyl  and  talc,  with  aeasureaent  of  detonation  rate 
by  a  photoregister.  1  —  photoregiiter;  2  — •  percussion  cap;  3  — 
intermediate  detonator;  4  —  active  charge  (mixture  of  trotyl  with  talc); 

5  —  steel  pipe;  6  —  paaeive  charge  (cast  trotyl);  7  —  brass  plate; 

8  —  wooden  rod;  9  —  slot  in  pipe. 

In  Pig.  2  is  shown  a  photograph  obtained  dtaring  an  esperjmnt  experience  m 
initiation  of  a  charge  22  m  in  disinter  of  cast  smU^crystal  trotyl  by  the 
explosion  of  a  charge  of  a  pressed  mixture  of  70^  trotyl  and  30^  talc,  32  m  in 
diameter,  without  a  shell.  The  detonation  rat®  of  t!^  mixture  was  5400  i^sse* 


In  th«  cast  trotyl  detonation  appeared  and  was  spread  to  the  end  of  the  charge  alsr 
with  &  speed  of  5400  a/sec. 


Fig.  2,  Photograph  obtained  during  experiments  on  initiation  of  charge 
22  m  in  diameter  of  cast  trotyl.  1  end  of  active  charge;  2  — 
Itace  of  detonation  of  passive  charge. 


Fig.  3.  Photograph  obtained  during  an  experiment  on  the  initiation  of 
a  charge  32  ma  in  diameter  of  cast  trotyl.  1  —  trace  detonation  of 
active  charge,  visible  in  slot;  2  —  boujKtary  of  active  and  passive 
charges;  3  —  section  of  acceleration  of  detonatism  of  passive  charge; 
4  —  end  of  section  of  acceleration;  5  *-»  section  of  stable  detonatitm 
of  passive  charge. 


In  Fig.  3  is  showi  a  photograph  obtainsd  during  an  exporiseont  on  thus  initiation 
of  ch&rgs  32  isa  in  diaaetor  of  cast  small-crystal  trotyl  hy  ths  explosion  of  a 
charge  of  pressed  sisture  h5%  trotyl  and  55/S  talc  32  m  in  diaseter  in  &  steel  pipe 
with  a  wall  ihickJMSS  of  4  Jsa.  In  the  vail  in  tl^  lower  part  of  the  pi|»  there  was 
a  slot  4  aa  in  width.  In  the  given  expariBent  the  detonation  rate  of  the  active 
charge  at  the  mcm^nt  of  approach  to  the  cast  trotyl  was  3300  a/sec  (v^ak  glow). 

The  detonation  rate  appearing  in  the  cast  trotyl  was  in  the  beginning  apprcadsatoly 
equal  to  that  of  the  active  charge.  However,  at  a  distance  of  30 — ^35  m  froa  the 
beginning  of  the  passive  charge  its  detonation  rate  increased  to  6500  o/sec,  after 
vdiich  it  was  propagated  with  this  speed. 

In  the  majority  experiments  in  vdiich  explosions  of  passive  charge  were 
observed;  detonation  of  cast  trotyl  appeared  without  delay  and  its  rate  in  the 
beginning  was  equal  to  the  detonation  rate  of  the  active  charge  of  a  mixture  of 
trotyl  with  talc,  and  then  increased  or  i*e»ainad  constant. 

However  in  certain  experiments  there  occurred  delay  or  deceleration  of 
detonation  during  passage  of  the  wave  frc«  the  pressed  mixture  to  th®  cast  trotyl. 
Unfortunately,  in  such  experiosnto  we  did  not  succeed  in  obtaining  a  clear  picture 
of  the  phtncaoena  occurring  at  the  place  of  contact  of  the  passive  and  active 
charges.  The  dependence  of  this  phenomenon  on  the  detonation  rate  of  the  active 
charge  also  was  not  detected.  For  example,  delay  was  observed  with  a  detonation 
rate  of  the  active  charge  of  3500  a/seo,  then  at  a  detonation  rate  of  the  active 
charge  of  3300  a/sec  a  passive  charge  of  cast  trotyl  started  to  detonate  without 
delay  (Fig.  3). 

Fro©  analysis  of  the  photograph  obtained  the  following  conclusions  can  bs 
drawn; 

During  initiation  of  cast  trotyl  by  explosions  of  charges  of  a  pressed  trotyl- 
talc  mixture  in  most  cases  there  appears  in  the  passive  charge  wav®  detonation 
whose  speed  is  equal  to  the  detonatio.i  rate  of  th®  active  chsr^.  This  speed  is 


Tabia  i 

Triggering  of  dsiorj&tion  of  cast  trotyl  by  explosions  of  preswtd  charges  of  a  adxtxir©  of  trotyl  with  t^ic 
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quickly  inei^sed.  At  a  distanc®  of  30  —  60  sa  trm  fesgirndfif  of 
chapg©  th®  dstonfetion  rat®  will  attain  its  own  noiml  tala®  (for  tl^  gimn 
of  A  chargs  of  cast  trotyl).  On  th®  baais  of  thia  it  is  p<^sibi®  to  oomiMr  that 
ti^  spoad  of  th®  shock  ware  api^aring  in  ths  cast  trotyl  if  ai^oodmtoly  #qiml  to 
ti^  spssd  of  dstonation  wav®  in  th®  sdxturs  cf  trotyl  with  talc. 

During  triggering  of  detonation  in  oast  trotyl  charges  of  ^aall  dia^tara, 
elos®  to  th®  critical^  tho  charges  can  dotonat®  at  a  constant  rate,  given  to  ti^ 
by  th®  active  charge  (in  any  caso  with  a  length  of  charg®  of  to  200  ^). 

Th®  distortion  usually  appearing  at  ths  beginning  of  th®  paseiva  charge  during 
mi&8VTmAnt  of  detonation  rat®  on  a  photoregister  was  in  these  experiments  elisimted, 
or  in  any  case,  reduced  to  a  sdnlmum. 

In  Table  1  are  given  th®  results  of  experiments  in  iddch  ws  deteradned  the 
ainiaua  detonation  rate  of  an  active  charge  of  a  trotyl  —  talc  adxture  necessary 
to  trigger  detonation  in  cast  small-crystal  trotyl. 

Triggering  Itetonation  of  Caat  Trotyl  Charges  Bjqslosion®  of  Saall 
Density  Charges  of  Pulverized  Trotyl  or  it®  Mixture  Mlth 

Alabaster 

Th®  active  charges  mro  paper  cylinders  0.6  b  in  length,  filled  tdth 

pulverised  trotyl  sifted  through  a  Ko.  24  sieve  or  aixtisres  of  thifi  trotyl  with 
aXabster . 

Passive  charges  —  trotyl,  cast. 

Active  aM  passive  charges  were  packed  on  steal  sheet®  so  that  their  faces 
touelicd  and  their  axes  coincided.  Th®  detonation  rate  of  the  initiating  ohar^ 
measured  &cco3*ding  to  Dotrish.  Ths  ccppleteness  of  detonaticn  of  th@  initiated 
charge  was  judged  by  the  imprint  on  tho  slab. 

Characteristics  of  the  Initiated  and  initiating  ohargts  and  ths  r«»®ult®  of  tt^ 

i 

experiments  are  given  In  Table  2. 
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Tabl»  2 


Trig^rijig  th@  of  t2*otjfl  by  axplosior^f  of  low-d®i»ity  charj^s 

of  pultnerisM  trotyl  cr  isd^urfss  with  aiabaat®? 
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1)  P|88iv«  chargtj  2)  Activw  charge;  3)  Subat«mos;  4)  Di«®at«r,  m&i  5)  Density, 
g/c^;  6)  Speed  of  detonation,  s/sec;  7)  Result#  of  experiaent;  8)  Cast  trotyl, 
small-crystal  castings;  9)  Filled  trotyl,  pulverised;  10)  Detonation;  11)  The 
sams;  12)  Mixture  of  trotyl  with  alahsster;  13)  Attenuation. 


Triggering  of  Detoi&ation  of  Pressed  Trotyl  Charges  by  Shock 

Propagated  in  ^tor 

Assembly  of  active  and  ;^8ive  oharpis  in  those  experi^.iis  was  done  according 
to  the  diagram  shown  in  Fig.  4. 

On  the  bott<s  of  test-tub®  2,  made  of  acetyl  oellulos®  and  having  an  internal 


& 


1,60  g/csa^),  'With  diameters  of  23  m  ^nd  &  general  height  of  57  —  60  sm,  serring 
in  all  experiments  as  active  charge  3.  Than  the  teat-tule  fillsd  with  mtsr 
until  the  height  of  ita  layer  above  tha  charges  attained  the  needed  magnitude . 


Fig.  U.  Diagraa  of  exparinaents  on 
triggering  detonation  throtigh  a  layer 
of  ^ter.  1  —  passive  charge;  2— 
test-tubs;  3  —  active  charge;  4  — 
detonating  cap;  5  —  water;  6  —  wire. 


During  oxperijaents  with  passive  charges 
No.  52  sieve,  with  diacwters  of  3,85  to  23  a 
wire  6  with  a  column  of  charges  attached  to 


Fig.  5.  Photograph  obtained  during 
transaission  of  datcaiation  through  a 
layer  of  water.  1  —  trace  of  de¬ 
tonation  of  active  charge;  2  —  end 
of  active  charge;  3  —  beginning  of 
detonation  of  passive  charge;  4  — 
trace  of  products  of  detonation  of 
active  charge,  sovlng  behind  the 
ejected  water;  5  —  trace  of  detonation 
of  passive  charge. 

of  pressed  trotyl,  sifted  through  a 

a,  we  lowered  into  the  test-tube  copper 

it,  representing  passive  charge  1.  The 


face  of  the  lowsr  charge  was  brought  into  contact  with  surface  of  the  water  so 


that  there  was  no  air  la.yer  between  the  charge  and  the  water  and  so  that  th® 


Jusasarsion  of  the  charge  in  the  water  did  not  exceed  0.5  sss.  During  ©xpsrin^nts 
with  passive  charges  23  ima  in  diameter,  a  cartridgs  consisting  of  two  charts  was 
lowered  on  threads  into  the  test-tubs,  uhich  was  attached  to  a  brass  plat®. 

The  eaapletaness  of  detonation  of  th©  passive  charg©  was  judged  by  the  d®- 
fonaation  of  the  copper  wire  or  brass  plate. 


?oi 


In  scsss  of  th®  d«tcmsition  raid  ma  det^i-sdnod  ^th  tho  help 

of  a  photorogister. 

In  Pig.  5  is  ahoim  a  photograph  obtair^d  during  transEiission  of  detonation 
from  ti^  active  to  the  passive  charge  through  a  layer  of  «atar. 

As  active  charge  in  this  exiwtrissnt  used  t>?o  r  :«irg88  of  prosssd 
flogBsatiaod  hexogen  «ith  a  ^t^ral  i^ight  of  60  and  m  t^  passive  char^  — 
a  charge  8  sas  in  dia^ter  of  trotyl, pulverised  sM  sifted  through  a  No.  52  sie^, 
having  a  density  of  1.59  g/cs^.  The  thickness  of  the  layer  of  tester  constituted 
18  Ban. 

In  Fig.  5  is  seen  t}^  section  of  acceleration  of  detonation  in  the  p^sit^ 
charge.  The  glow  on  the  section  of  acceleration  was  weak.  The  average  speed  on 
the  section  of  acceleration  was  4500  —  5000  w/mc.  The  speed  of  the  shock  wav® 
in  water  at  a  distance  of  18  m  frc@  a  p^^sive  charge  23  m  in  diaaseter  was 
epprcadjaately  equal  to  3900  a/sec.  Transition  to  the  norml  spaed  of  detonation  — 
6700  ffi/aoe  —  ma  accoaapanied  a  sharp  growth  in  the  intensity  of  glow. 

In  Fig.  5  ie  seen  also  the  trace  of  products  of  detonation  of  the  active 
charge,  moving  behind  the  ejected  water.  This  trace  approaches  the  passive  charge 
later  than  detonation  appears  in  the  latter. 

The  results  of  experiasnts  on  the  transsdosion  of  detonation  through  a  layer 
of  water  are  given  in  Table  3. 

In  Table  4  are  shown  the  sdnissus  speeds,  req\iired  for  &  shock  wave  in  water 
for  triggering  of  det<aiation  in  charges  of  pressed  pulverised  trotyl  of  varioiw 
diameters,  and  the  calculated  valuss  of  the  speeds  of  shock  waves  appearing  in 
pressed  trotyl. 

Ths  appraxisate  calculation  of  the  latter  was  conducted  under  the  assraption 
that  th®  equation  of  state  of  pressed  trotyl  at  larpi  press’^a  has  tte  f<Mna 


^@re  p  —  density  of  tb©  explosive  and  k  “  8.  Passive  o^ges  liad  a  density  of 


Dissttssion  of  Eeaults 


fh®  of  shoek  nsc^ssiury  for  tte  appsaranc®  of  detonation 

in  charges  of  pressed  troiji  of  varioas  diaaeterif  ar®  shown  in  Tab2®  5. 

In  Tabl®  5  are  presents  in  a  fom  very  convenient  for  analysis  th®  results 
of  tests  of  the  dependence  of  ©inigess  speed  of  tl»  initiating  shock  wav®  on  re~ 
i.e.,  on  ths  ©agnituds  of  the  ratio  idiere  d  is  tl^ 

aetmi  dis^ter  of  charge  and  is  tb?  critical  dlMatsr.  Use  of  such  de¬ 

pendence  m3  propc^d  A.  F.  Belyayev 

Th®  critical  dijasPter  for  saall-crystal  cast  trotyl  was  taken  to  be  ®q\^l  to 
20  Rga  and  that  for  pressed  trotyl,  3.5  na. 

Th*®  dependence  of  th®  adnixaua  necessary  speeds  of  the  initiating  mve 
on  the  absolute  and  relative  charge  diaaeters  is  depicted  in  Figs.  6  and  7*  On 
these  figures  is  shown  the  dependence  of  the  speed  of  established  detoi».tion 
on  the  charge  dias»ter  for  aaaill-crystal  cast  trotyl  (according  to  literature  data). 

The  speed  of  the  initiating  shock  wav®  that  ZB\ist  be  created  at  the  beginning 

of  a  charge  for  detonation  to  be  triggered  in  it  dsi^nda  on  its  disaster.  T!us 

less  the  diasmter  of  charge,  the  bigger  is  th®  required  wave  speed.  Kith  charge 

diajsaters  significantly  larger  than  th®  critical,  the  speed  of  a  shock  mve  assuring 
of/ 

triggering^teW»tion  approaches  th®  speed  of  souiwi  in  ths  sul^tanus. 

Values  of  the  latter  ^re  deterai:ied  in  a  separate  work.  In  cast  trotyl  with 
a  density  of  1.58  g/ca^  the  speed  of  soxmd  is  2100  a/s®c  ard  in  pressed  trotyl  with 
the  mm  density  —  1900  i^mc.  At  dimeters,  close  to  the  critical,  tlM»  minima 
speed  of  th®  initiating  shock  wav®  approaches  th®  ao-callad  critical  speed  of 
detonation,  i.e.,  the  at  idiich  that  a  charge  of  critical  diismter  usually 

detonates.  For  cast  and  pressed  trotyl  these  sj^<^s  are  approsimtely  ©qml  to 
U200  —  4500  m/mc, 

Om  should  not©  that  with  the  Esthodolo^  used  in  this  w«rk,  tte 
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1)  Cbar&et@ri8tie  of  char  go:  2)  Characteristic  of  pt&aaivo  charge;  3) 

Oiamtar  of  passive  charge,  m&i  4)  Hiniaun  speed  of  initiating 
5)  C^go  32  ess  in  dleusetor  of  a  pressed  aixturs  of  trotyl  vith  talc  in  a  atasl 
pi][^;  6)  Filled  pulverised  trotyl  or  its  sdztur®  idth  alabaatar;  7)  Charp>  23 
as  in  diiaater  of  flagaatisod  hssogsni  Triggering  of  detonation  ma 
a  shj^k  wav®  propagated  in  mt«r;  8)  Sfeall-crystal  cast  a^tyl  (p  "  1«58  to  l,5f 
g/c®^);  9)  Cast  ssaall-cryatal  trotyl;  10)  ^sa®d  trotyl,  sifted  before  pp@s»ii^ 
through  a  Ho.  52  sieve  (p  »  1.5  to  1.61  11)  • 

As  m  have  seen,  Ydth  a  deorei^e  in  the  charge  diiusster  the  nisiimm  sp@^  &£ 
the  Initiating  mm  itecessary  to  trigger  detonation  in  it  increases.  This 
indicates  that  tdth  a  smll  mm  speed  there  is  an  increase  in  the  relative  Xes^s 
fro®  BCE©  of  reaction  created  at  the  beginning  of  the  efeargs.  An  imr^^  in 
losses  can  take  place  only  in  the  caa#  when  the  length  of  ti^  of  thi^ 
gro^  steoltai^oiasly  with  deceleraticm.  If  the  inaresf©  of  rmeti^  tii^  with 


Iss0«nlng  of  the  ths  tsmpor&tur®  on  its  front  xs  obvious,  requires  no 

sheeks,  growth  of  length  of  the  reaction  son®  with  deceleration  of  ijnitisting  mm 
is  itself  not  obligatory. 

In  realJ.ty  the  length  of  the  reaction  zone  I 
^r®  0  is  the  detonation  rate  in  ss/sec,  and 
t  is  the  reaction  ti^  in  sec. 

Mith  deceleration  of  the  initiating  wave,  I  can  ressain  constant,  8inc4  with 
decrease  in  D  there  is  an  increase  in  f,  and  their  product  cannot  change. 

The  data  obtained  show  that  in  reality  (in  any  case  for  trotyl  charges)  the 
length  of  the  reaction  sor»  increases  with  deceleration  of  the  wav®  and  this  can 
happen  only  when  t  increases  faster  than  D  dociNsases. 

The  rate  of  detonation  appearing  at  the  beginning  of  ths  passl'^  oharg® 
depends  <m  the  detonation  rate  of  the  active  charge  or  on  the  speed  of  tlie  shock 
wave  in  the  mediua  through  which  detonation  is  transmtted. 

As  can  be  seen  from  the  graphs  of  Figs.  6  and  7,  the  curves  of  the 
of  the  speed  of  the  initiating  wave  and  of  detoimtxon  rate  on  charge  disaster 
cross  at  d  *■ 

The  speed  corresponding  to  ti^  point  of  intersection  is,  obviously,  ths 
critical  detonation  rate.  One  should  note  that  up  to  now  the  detersdnation  of  ths 
critical  detonation  rate  mt  significant  difficulties,  since  near  the  critical 
diameter  the  detonation  rate  drops  very  fast  arKl  a  smll  mp&xrmnt  of  quality  of 
charge  is  sufficient  for  propagation  of  detonation  to  beccass  ig^ossible. 

The  determination  of  critical  speeds  by  the  point  of  intersectiem  of  curves 


®init  “  ®ch  “  allows  to  ref  ms  their  value  for  various 

As  can  be  ©eon  fr<ii  the  graph  of  Fig.  6,  •“  4500  --  k^SO 

trotyl.  In  accordance  with  the  data  of  A.  la.  Apin  £  lJ7  V,  E, 


46(X)  m/me  for  oast 


th®  oritioal  detonation  rate  does  not  depeiwi  on  the  grain  si®o  of 


/// 


r  i  - 

fhvtBi  for  app«&raao«  of  dston&tion  in  ch&rgos  whose  disaster  of  that  is 
equal  to  the  critical#  it  is  mceseary  to  create  &  shock  watre  v#hose  speed  should 
be  no  less  than  the  ncsrsal  detonation  rate  of  such  chM*g08. 

Mith  an  increase  in  charge  diaiaeter  the  required  speed  of  the  initiating 
shock  ^ve  is  decreased,  as^totically  approaching  the  speed  of  sound  in  tbs 
given  explosive. 

As  can  be  seen  froia  the  curves  in  Fig.  7,  the  speed  of  shock  waves  which 
must  be  created  to  trigger  charges  of  cast  and  pressed  trotyl  are  near  enough  to 
each  other  at  identical 

A  certain  increase  in  the  speed  of  shock  wav®,  required  for  appearance  of 
detonation  of  charges  of  px-esaed  trotyl,  ia  probably  explained  by  the  fact  that 
the  triggering  of  detonati^m  during  th®  initiation  of  cast  trotyl  was  sossewhat 
relieved  by  the  thonMil  inflttsnce  of  products  of  the  explosion  of  the  initiating 
charge.  During  excitation  of  pressed  trotyl  detonation  was  transsitted  through  a 
layer  of  water  and  the  thenaal  influence  therefore  was  excluded. 

General  Conclxision 

1.  The  speed  of  the  initiating  shock  wave  that  must  be  created  in  a  charge 

for  detonation  to  appeal’  depends  on  charge  disjceter.  For  charges  of  critical 
diajseter  *“  ®crit*  ^  Increase  in  diamster,  is  decreased 

asymptotically,  approaching  the  speed  of  soxmd  in  the  substance. 

2.  With  deceleration  of  the  detonation  >«ivo  in  trotyl  charges  the  length  of 
aone  of  chemical  reaction  behind  the  wave  front  is  increased. 

3.  Accuirate  value  of  th©  critical  rat©  detonation  (speed  at  idvich  that  a 

charge  with  a  4las®ter  equal  to  the  critical  detonates)  can  be  determined  by  the 
point  of  intersection  of  curves  of  “  f(d)  aiui  *•  f(d). 
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